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PERTINENT  DATA 


LOCATION 


Cossatot  River,  Mile  49,  Howard  and  Polk  County,  Arkansas. 
PROJECT  STRUCTURES 


Rockfill  dam  with  compacted  earth  core,  concrete  gravity  spillway 
controlled  by  tainter  gates,  and  intake  structure  with  facilities  for  a 
flood  control  conduit,  low  flow  outlet,  water  supply  outlet,  an  office 
building,  and  recreational  facilities. 

PROJECT  PURPOSES 


Flood  control,  water  supply,  water  quality  control,  and  fish  and  wildlife 
conservation, 

DRAINAGE  AREA 


Two  hundred  seventy  one  (271)  square  miles  upstream  from  the  dam, 
ELEVATIONS.  AREAS  AND  STORAGES 


_ Feature _ 

Top  of  Dam 
Maximum  Pool 
Top  Flood  Control  Pool 
Spillway  Crest 
Top  Conservation  Pool 
Top  Inactive  Pool 
Flood  Control  Storage 
Conservation  Storage 


Elevation 
feet.  NGVD) 

Areas 
( Acres 

586.0 

6,000 

581.0 

5,590 

569.0 

4,680 

527.0 

2,330 

502.0 

1,370 

464.5 

310 

502.0-569.0 

- 

464.5-502.0 

- 

:  Storave 

Acre-feet ) 

283.310 

19.60 

221,780 

15.34 

78,580 

5.44 

33,030 

2.28 

3,720 

0.26 

188,750 

13.06 

29,310(2) 

2,03 

(1)  From  total  drainage  area  of  271  square  miles. 

(2)  Includes  20,600  acre-feet  for  water  supply  and  8,700  acre-feet  for  water 

j.  v<  j 
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EMBANKMENTS 


Location 

Type 

Type  of  Fill 

Slope  Protection 

Height 

Length 

Crest  Width 

Top  Elevation 

Design  Flood 

Freeboard 

Used  for  Roadway 

*'levation  of  Streambed 

SPILLWAY 

Location 

Type 

Crest  Elevation 

Net  overflow  Width 

Number  and  Size  of  Gates 

Type  of  Gates 

Top  of  Gate  Elevation 

Induced  Surcharge 

Design  Head 

Maximum  Discharge  Capacity 

Bridge  Deck  Elevation 

Type  Energy  Disslpator 

Time  Required  to  Open/ 
Close  all  Gates 


Cossatot  Ri^'er  at  mile  49.0 
Nonoverflow  embankment 
Random  rock  with  impervious  core 
Riprap  upstream  and  downstream 
160  feet  above  streambed 
1,750  feet 
32  feet 

586.0  feet  NGVD 
Maximum  probable  flood 
Five  feet  above  maximum  pool 
Yes 

426.0  feet  NGVD 


Right  abutment  about  1,500  feet  west  of 
main  embankment 

Gated  concrete  gravity  ogee  weir 

527.0  NGVD 

200  feet 

Four  -  50'  X  41' 

Tainter 
569,0  NGVD 
None 

54.0  feet 
272,700  c.f.s. 

586.0  NGVD 
Flip  bucket 

42  minutes 
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OUTLET  FACILITIES 


Intake  Structure 

FLOOD  CONTROL  CONDUIT 
Location 

Purpose 

Type  of  Outlet 

Size  of  Outlet 

Type  of  Service  Gate 

Number  and  size  of  Gates 

Entrance  Invert  Elevation 

Minimum  Time  Required  to 
Open/Close  Service  Gate 

Type  Emergency  Closure 
and  Time  Required 

Type  Energy  Dissipator 
LOW  FLOW  OUTLET 
30"  Pipe 

Location 

Purpose 

Type  of  Outlet 
Size  of  Outlet 
Type  of  Service  Gate 

Multilevel  Intake 
Elevation 


One  intake  structure  with  facilities  for  flood 
control  conduit,  water  supply,  and  low  flow 
Intakes 


Near  west  end  main  embankment  -  Right  Abutment 

Flood  Control 
Concrete-lined  tunnel 
10'  diameter 

Hydraulically-operated  slide  gates 
Two  4.5’  X  10' 

437.0  NGVD 

10  minutes 

Hydraulically-operated  slide  gate  requiring 
10  minutes  to  close  gate. 

Concrete  stilling  basin  with  baffles 


Near  west  end  main  embankment 
Low  flow  releases 
Circular  pipe 

30-"  diameter  at  vent  pipe 

Hydraulically-operated  butterfly  valve. 
Original  insert  gates  located  in  main 
service  gates  were  deleted  in  1986. 


487.0  and  472.0  NGVD 
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WATER  SUPPLY  OUTLET 


Location 

Purpose 

Type  of  Outlet 

Size  of  Outlet 

Type  of  Service  Gate 

Number  and  Size  of  Gate 

Multilevel  Intake  Elevations 


Near  west  end  main  embankment 
Water  Supply 
Circular  pipe 
24"  diameter 

Gear-operated  gate  valve 
One  -  24  inches 
477.0  and  458.5  NGVD 


1.  INTRODUCTION 


1.1  Purpose  and  Scope  of  Report.  This  report  provides  a  summary  record 
of  significant  design,  construction  and  operational  data  on  the  Gillham  Dam 
and  Reservoir.  It  was  prepared  in  accordance  with  ER  1110-2-1901,  "Embankment 
Criteria  and  Performance  Report,"  dated  31  December  1981  and  is  for  use  by 
engineers  to  familiarize  themselves  with  the  project,  re-evaluate  the 
embankment  when  needed,  and  for  guidance  in  design  of  comparable  future 
projects.  This  report  was  prepared  jointly  by  Grimes  &  Johnson,  Inc.  and 
Grubbs,  Garner  &  Hoskyn,  Inc.,  for  the  Soils  and  Materials  Section,  Little 
Rock  District,  under  the  provisions  of  Contract  No.  DACW38-86-D-0070 ,  Delivery 
Order  No.  0007. 

The  report  presents  a  general  description  of  the  foundation  conditions,  type 
of  material  and  placement  methods  of  the  various  sections  of  the  embankment, 
the  design  considerations  on  stability  and  seepage  control,  significant 
operational  events,  and  an  evaluation  of  the  conditions  of  the  embankment. 
Pertinent  drawings,  design  and  construction  data,  and  photos  are  also 
included.  More  detailed  descriptions  of  the  foundations  conditions  are 
contained  in  the  report  "Gillham  Dam  Foundation,  Part  III,  Embankment  and 
Foundation  Grouting." 

1.2  Brief  Description  and  Purpose  cf  Project.  The  Gillham  Dam  and 
Reservoir  are  located  in  Howard  and  Polk  Counties,  Arkansas.  The  dam  is  at 
mile  49.0  on  the  Cossatot  River,  a  tributary  of  the  Little  River  in  southwest 
Arkansas.  It  is  approximately  6  miles  northeast  of  the  town  of  Gillham, 
Arkansas  and  75  miles  north  of  Texarkana,  Arkansas. 

The  dam  consists  of  an  embankment,  a  gated  spillway  and  outlet  works.  The 
main  dam  embankment  is  a  1,750  foot  long  rockfill  dam  with  compacted  earth 
core  rising  to  160  feet  above  the  streambed.  Located  on  the  right  abutment  in 
a  natural  saddle,  is  a  gated  concrete  gravity  ogee  weir  spillway  200  feet 
wide,  with  4  -  50-foot  tainter  gates.  The  outlet  works  has  a  10-foot  diameter 
conduit  (concrete  lined  tunnel)  controlled  by  hydraulically  operated  slide 
gates  in  the  gate  tower  with  releases  made  through  the  stilling  basin  at  the 
downstream  portal. 
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There  is  also  a  30"  diameter  low  flow  outlet  and  a  24"  diameter  water  supply 
outlet.  The  outlet  works  is  located  at  the  right  abutment  of  the  main  dam. 
The  service  bridge  to  the  gate  tower  parallels  the  main  dam  from  the  right 
abutment  overlook  area.  Spur  dikes,  saddle  dikes,  and  a  training  dike  are 
located  as  shown  on  Plate  2.  Other  structures  include  an  office/maintenance 
building  and  recreational  facilities. 

The  project  purposes  are  flood  control,  water  supply,  water  quality,  and  fish 
and  wildlife  conservation.  Recreation  was  not  a  designated  project  purpose; 
however,  it  was  later  added  as  Incidental  to  them. 

1.3  Project  Authorization.  The  Gillham  Dam  and  Reservoir  project  was 
authorized  by  the  Flood  Control  Act  approved  3  July  1958  (Public  Law  85-500, 
85th  Congress,  2nd  Session).  Related  legislation  included  House  Document  No. 
170,  the  report  "Mlij-wood  Reservoir  and  Alternate  Reservoirs,  Little  River, 
Oklahoma  and  Arkansas . " 

1.4  Project  Construction  History.  Construction  of  the  right  abutment 
access  road,  Howard  County  road  relocations,  and  the  project  buildings  began 
in  June  1963  and  was  completed  in  September  1965.  Construction  of  the  outlet 
works  began  in  January  1966  and  was  completed  in  June  1968.  Construction 
commenced  in  April  1968  on  the  spillway  and  was  halted  in  February  1971.  Vork 
resumed  in  1972  and  was  completed  in  .August  of  that  year.  The  contract  for 
construction  of  the  main  embankment  was  awarded  in  July  1972  and  completed  In 
October  1975.  Photographs  taken  during  construction  are  contained  in  Append l.v 
B.  Impoundment  of  the  lake  began  in  .May  1975  and  reached  conservation  pool 
elevation  of  502.0  NGVD  in  April  1976.  The  pool  of  record  occured  on  5 
December,  1982  at  elevation  561.64  NGVD. 

The  public  use  areas  at  Gillham  Lake  were  constructed  between  June  1975  and 
July  1976.  They  Include  Cossatot  Reefs,  Cossatot  Point,  Coon  Creel;,  and 
LlLtle  Coon  Creek. 

A  summary  of  construction  contracts  for  the  entire  project  is  contained  on  the 
following  page. 
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LIST  OF  PROJECT  CONTRACTS 


CONTRACT  NO.  CONSTRUCTION  FEATURE  CONTRACT  START  COMPLETION 

_ AMOUNT  DATE _ DATE 

DA-34-066  Right  Abutment  Access  $  394,223  20  Jun  63  22  Sept  66 

CIVENG-65-1726  Road 

Contractor:  G.  F.  Thomlson  Const..  P.  0.  Box  15,  Eufaula,  OK _ 

DA-34-066  Construction  of  Project  $  134,730  11  Mar  65  02  Jun  66 

CIVENG-65-1728  Buildings 

Contractor:  LaForge  &  Budd  Co..  P.  0.  Box  393.  Parsons.  KS _ 

DA-34-066  Construction  of  Outlet  $1,901,000  14  Jan  66  07  Jun  68 

CIVENG-66-223  Works 

Contractor:  Martin  K.  Ebv  Const..  610  N.  Main  St..  Wichita.  KS  67201 

DACW56-66-C-0384  Relocation  of  Howard  Co  $  558,055  11  May  66  17  Nov  67 

Roads 

_ Contractor:  E.  W.  Blair  Inc..  P.  0.  Box  450.  Broken  Bow.  OK _ _ 

DACW56-68-C-0183  Construction  of  Dikes  $2,925,859  26  Apr  68  01  Jul  72 

&  Spillway 

Contractor:  Martin  K.  Ebv  Const..  610  N.  Main  St..  Wichita,  KS  67201 

DACW56-73-C-0008  Construction  of  Main  $4,131,725  31  Jul  72  10  Oct  75 

Embankment 

Contractor:  Hixson  &  Lehenbauer ,  P.  0.  Box  1574.  Topeka.  KS  66601 _ 

DACW56-73-C-0217  Addition  to  Intake  $  129,422  11  Jun  73  17  Jul  74 

Structure 

Contractor:  Amis  Const.  Co.,  P.  0.  Box  1871.  Ok  City.  OK _ 

DACW56-73-C-0242  Overlook  Structure  No.l  $  98,300  14  Jun  73  10  Apr  74 

Contractor:  LaForge  &  Budd  Co.,  P.  0.  Box  393.  Parsons.  KS _ 

DACW56-75-C-0209  Construction  of  Public  Use  $  970,873  30  Jun  75  15  Jul  76 

Areas  Stage  I  (Cossaatot 

Point,  Cossatot  reefs,  Coon  Creek  &  Little  Coon  Creek) 

Contractor:  Triark  Inc.  &  Souter  &  Assoc..  P.  0.  Box  1052.  LR.  AR  72203 

DACW56-76-C-0104  Repair  of  Structural  $  29,680  N/A  N/A 

Cracks  &  Weir  Surface 
of  Spillway 

Contractor:  Hunt  Process  Coro. _ _ _ 
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1.5  Periodic  Inspections.  In  accordance  with  the  requirements  for 
periodic  inspection  and  continuing  evaluation  of  completed  civil  works 
structures,  the  following  have  been  published  for  periodic  inspections  that 
have  been  performed  on  the  embankment,  spillway  and  outlet  works  at  Glllham 
Dam  and  Reservoir.  They  contain  the  problems  developed  after  construction  and 
instrumentation  data. 


Periodic 

Periodic 

Periodic 

Periodic 

Periodic 


Inspection 

Inspection 

Inspection 

Inspection 

Inspection 


Report  No. 
Report  No. 
Report  No. 
Report  No. 
Report  No. 


1 

2 

3 

4 

5 


April  1975 
April  1976 
November  1979 
April  1983 
March  1985 
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2 .  GEOLOGY 


2.1  General  Geology  and  Topography.  The  area  of  the  project  is  a  part 
of  the  rugged  Ouachita  Mountain  section  of  the  Ouachita  physiographic 
province.  Bedrock  consists  of  intensely  folded  Paleozoic  rocks.  As  a  result 
of  the  erosion  of  these  folded  strata,  the  general  area  is  characterized  by 
parallel  hogback  ridges  separated  by  narrow,  steep-sided  valleys.  Trellis 
drainage  patterns  are  common.  Streams  are  swift  and  flood  plains  are  poorly 
developed  or  absent. 

2.2  Geology  of  Site.  At  the  Gillham  site,  the  Cossatot  River,  flowing 
southward,  has  cut  through  an  east-west  trending  ridge  to  form  a  •  arrow, 
steepwalled  valley.  The  configuration  of  the  dam  site  and  that  of  the 
spillway  site,  located  in  a  saddle  about  1,700  feet  northwest  of  the  right 
abutment,  is  shown  on  Plate  2.  Bedrock  is  the  Stanley  shale  of  Mississippian- 
Pennsylvanian  age.  This  formation  consists  of  hard  quartzitic  sandstones  and 
hard  silty  to  sandy  shales.  The  overburden  mantle,  which  usually  masks  the 
bedrock  ever  on  steep  slopes,  has  an  average  thickness  of  approximately  6  feet 
along  the  dam  axis  and  about  4  feet  in  the  spillway  area.  The  greatest 
thickness  of  overburden  was  in  Hole  No.  31  near  the  base  of  the  right  abutment 
where  talus  more  than  31  feet  thick  was  found.  Talus  forms  a  large  part  of  the 
overburden  on  the  steep  slopes,  especially  on  the  right  abutment.  The 
overburden  is  mostly  residual  silt  and  sand.  There  is  almost  no  flood  plain, 
and  very  little  alluvium  at  the  site. 

The  water  table  was  near  river  level  in  the  right  abutment  (Hole  No.  37), 
whereas  in  the  left  abutment  the  water  table  was  observed  to  rise  to  about  20 
feet  above  the  level  of  the  river  (Hole  No.  34).  Several  seeps  and  small 
springs  were  observed  about  10  feet  above  the  river  at  the  base  of  the  left 
abutment.  In  the  spillway  area,  the  water  table  was  found  at  elevation  515, 
about  25  feet  below  the  surface,  at  the  low  point  of  the  saddle  (Hole  No. 
28). 

The  principal  structural  feature  in  the  site  area  is  an  eastward  plunging 
syncline  whose  axis  is  near  the  axis  of  the  dam  and  roughly  parallel  to  it. 
The  spillway  site  is  on  the  north  flank  of  the  syncline  and,  since  the 
syncline  is  plunging,  the  rocks  strike  at  an  angle  of  about  30°  to  the 
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spillway  axis.  Therefore,  both  downstream  and  right-to-left  dip  components  are 
formed.  The  thick  shale  which  underlies  the  left  side  of  the  spillway  site 
has  been  eroded  from  higher  elevation  to  form  the  notch  or  saddle  in  which  the 
spillway  is  located.  The  shale  was  found  to  exist  at  each  end  of  the  outlet 
tunnel  (Plate  13).  Local  contortions  which  affect  both  dip  and  strike  occur 
often  and  are  particularly  noticeable  in  this  shale. 

2.3  Foundation  Description. 

2.3.1  Spillway.  Bedrock  for  the  spillway  consists  of  both  shale 
and  sandstone.  A  line  drawn  diagonally  from  the  downstream  right  corner 
through  the  upstream  left  corner  of  the  apron  would  be  close  to  the  contact  of 
the  sandstone  and  shale  at  design  grade.  Upstream  and  to  the  right  of  this 
line,  the  foundations  for  the  weir,  right  nonoverflow  and  half  of  the  apron 
will  be  predominantly  sandstone.  Downstream  and  to  the  left  of  the  diagonal 
line  most  of  the  left  nonoverflow  and  the  other  half  of  the  apron  is  underlain 
by  shale.  The  sandstone  is  hard,  fine-grained  quartzitlc  and  contains  many 
shaly  zones,  shale  beds  and  shale  partings.  Joints  are  abundant  and  are 
usually  open  and  water  stained.  Partial  or  complete  drill-water  loss  was 
experienced  in  most  of  the  holes  drilled  in  the  sandstone.  A  few  of  the 
joints  contain  calcite  or  quartz  fillings.  The  silty  to  sandy  shale  which 
forms  part  of  the  spillway  foundation  has  been  metamorphosed  to  a  hard  brittle 
slickenslded  rock.  All  bedding  planes  are  smooth  or  siickensided  and  sometimes 
have  a  polished  appearance.  Where  unweathered,  the  shale  is  not  readily 
susceptible  to  air  slaking.  The  rocks  in  the  spillway  area  strike  in  a 
direction  of  N  67°  E,  or  parallel  to  the  diagonal  line  across  the  apron, 
mentioned  above,  and  dip  to  the  southeast  (downstream  and  from  right  to  left) 
at  an  angle  of  22°  (40  feet  per  hundred).  The  top  of  firm  rock,  as  shown  on 
the  log  section.^  on  Plate  6,  was  found  to  vary  from  13  to  33  feet  in  depth. 

2.3.2  Outlet  Works.  The  shale  and  sandstone  in  the  outlet  works 
area  are  similar  to  the  shale  and  sandstone  described  for  the  spillway.  The 
shale  which  was  excavated  in  the  approach  and  outlet  channels  of  the  outlet 
works  is  the  same  member  which  forms  the  foundation  for  the  left  nonoverflow 
section  of  the  spillway.  The  sandstone  overlying  the  shale,  which  is 
apparently  continuous  almost  from  portal  to  portal  of  the  tunnel,  is  more 
massive  with  fewer  and  less  prominent  shale  beds  than  the  stratlgraphically 
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lower  spillway  sandstone.  Lenticular  beds  of  both  shale  and  sandstone  occur 
near  the  contact  of  the  two  members,  as  illustrated  by  the  logs  of  Holes  Nos. 
38  and  39.  As  shown  on  Plats  13,  dips  were  into  the  tunnel  from  both  ends. 
Based  on  nearest  outcrops,  dip  components  parallel  to  the  axis  of  the  tunnel 
amount  to  19°  at  the  downstream  end  and  11  at  the  upstream  end. 

2.3.3  Embankment .  The  flood  plain  is  very  narrow,  the  valley  is 
steep-sided  and  the  main  stream  flows  on  a  rock  bottom.  The  overburden  along 
the  axis  is  quite  thin,  attaining  a  maximum  thickness  of  only  8.8  feet  as 
determined  in  Core  Hole  33  located  near  the  base  of  the  right  abutment.  The 
overburden  consists  primarily  of  low  plasticity  silts  (ML)  with  some  basal 
deposits  of  gravelly  clays.  A  geological  profile  along  the  axis  of  dam 
showing  the  sparse  overburden  cover  is  shown  on  Plate  3.  Bedrock  along  the 
cutoff  trench  for  the  dam  is  sandstone  containing  minor  amounts  of  shale 
lenses.  Most  of  the  shale  is  found  in  the  left  abutment.  Both  shale  and 
sandstone,  like  the  rock  in  general  at  the  Gillham  site,  are  slightly 
metamorphosed  and  are  both  hard  competent  rocks.  Some  of  the  sandstone  is 
intensely  Jointed  with  open  Joints  sometimes  only  inches  apart.  The  upper 
portion  of  Hole  No.  37,  located  on  the  right  abutment,  penetrated  several  feet 
of  such  rock.  Firm  rock  varies  from  the  top  of  rock  under  the  river  to  depths 
of  nearly  20  feet  below  the  top  of  rock  in  the  abutments.  The  presence  of 
many  closely  spaced  open  Joints  in  the  upper  rock  usually  accounts  for  the 
deep  top  of  firm  rock  in  the  abutments. 

2.4  Investigations .  Twenty  core  holes  were  drilled  and  nine  test  pits 
were  excavated  by  backhoe  at  the  embankment.  Twenty-three  core  holes  were 
drilled  along  the  outlet  works  abutment  and  forty-nine  core  holes  were  drilled 
in  the  spillway  area.  Results  of  foundation  borings  are  contained  on  Plates  3 
through  5. 
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3.  FOUNDATION  TREATMENT 


3.1  Design  Considerations. 

3.1.1  Embankment .  Bedrock  along  the  cutoff  trench  for  the  dam 
consists  predominantly  of  sandstone  and  lesser  amounts  of  shale.  The  rock  is 
hard  and  slightly  metamorphosed  but  the  sandstone  contains  many  open  and  tight 
water  stained  joints.  Top  of  the  firm  rock  was  near  top  of  rock  under  the 
river,  as  shown  on  Plate  3.  Consequently,  a  cutoff  trench  to  firm  rock  or  to 
a  depth  of  no  greater  than  10  feet  below  top  of  rock  was  selected  from  about 
station  23+20A  on  the  right  abutment  to  about  station  38+80A  on  the  left 
abutment.  The  trench  design  had  a  25  foot  bottom  width  below  elevation  550  and 
a  15  foot  bottom  width  between  elevations  550  and  569  at  the  ends  of  the 
cutoff  trench.  Where  the  foundation  rock  contained  many  open  joints  resulting 
in  depths  to  firm  rock  in  excess  of  10  feet  below  top  of  rock,  a  layer  of 
grout  or  concrete  was  used  to  cover  the  bottom  of  the  trench  to  protect  the 
core  from  piping.  The  same  treatment  was  to  be  used  for  open  joints  in  the 
bottom  of  the  trench  where  the  trench  is  excavated  to  firm  rock.  Because  of 
the  extensive  jointing  which  occurs  above  the  firm  rock  line,  the  downstream 
slope  of  the  trench  was  covered  with  gunite.  A  grout  curtain  was  designed  in 
the  bot,  m  of  the  cutoff  trench  from  end  to  end  of  the  deim  below  the  flood 
control  pool  level.  The  grout  curtain  for  the  embankment  would  overlap  and 
center  between  two  rings  of  curtain  grout  for  the  outlet  works  tunnel. 

(a)  Underseepage  Probabilities.  Underseepage  was  not 
considered  to  be  a  major  problem  due  to  the  limited  thickness  of  soil  cover  at 
the  site;  however,  to  insure  a  strong  foundation  which  is  essential  for  a  dam 
embankment  over  150  feet  in  height,  the  foundation  under  the  entire  embankment 
was  stripped  to  rock.  Excavation  of  rock  was  confined  to  a  25  foot  wide 
cutoff  trench  along  the  centerline.  The  cutoff  trench  was  backfilled  with 
impervious  clay  soils. 

(b)  Settlement  Conditions.  Appreciable  magnitudes  of 
settlement  were  not  anticipated,  particularly  in  viev/  of  the  absence  of  any 
thick  compressible  clay  horizons.  Most  of  the  anticipated  minor  settlement 
would  occur  during  the  construction  period,  at  least  to  the  extent  that 
overbuilding  of  the  embankment  was  not  considered  warranted. 
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3.1.2  Spillway.  Vertical  or  near  vertical  faces  against  which 
concrete  sections  were  placed,  were  either  line  drilled  or  presplit.  The 
shale  faces  were  protected  with  either  a  bitiominous  sealing  compound  or 
pneumatically  applied  concrete.  The  sandstone  required  no  protective  coating. 
Rock  bolts  were  installed  to  prevent  undercutting  of  the  rock  face  at  the 
right  end  of  the  weir  section  with  wire  mesh  to  prevent  rock  from  falling  to 
the  lower  level.  Rock  slopes  in  sandstone  were  as  steep  as  4:V  on  1:H  or 
steeper  except  on  the  approach  channel,  where  slopes  of  1:V  on  1:H  were 
selected  to  conform  to  the  dip.  Slopes  in  shale  were  also  cut  to  1:V  on  1:H. 
The  design  included  rock  anchors  installed  to  a  depth  of  15  feet  in  rock 
beneath  the  weir  section  and  to  a  depth  of  10  feet  beneath  the  stilling  basin 
slab . 


A  grout  curtain  was  provided  from  the  gallery  beneath  the  spillway 
and  a  series  of  drain  holes  were  drilled  from  and  vented  into  the  gallery, 
(Plate  31).  Drain  holes  extended  10  ft.  into  rock  beneath  the  spillway  slab. 
A  cutoff  trench  about  10  feet  into  rock  and  15  feet  wide  extended  from  each 
end  of  the  nonoverflow  monoliths  to  the  ends  of  the  embankment.  A  grout 
curtain  was  provided  over  the  length  of  the  cutoff  trench. 

3.1.3  Outlet  Works.  In  the  outlet  works  area,  the  sandstones  were 
cut  to  steep  slopes,  4:V  on  1:K  or  steeper,  with  shales  cut  to  1:V  on  1:H 
slopes.  Vertical  or  near  vertical  faces,  against  which  concrete  was  placed, 
were  formed  by  line  drilling  or  presplitting.  Shale  faces  exposed  longer  than 
a  few  days  were  covered  by  a  bituminous  sealing  compound  on  the  steep  slopes 
and  with  protective  concrete  on  the  horizontal  or  near  horizontal  faces.  Rock 
bolts  and  wire  mesh  were  used  both  in  the  tunnel  and  on  the  steep  slopes  of 
the  open  cuts.  Steel  ribs  were  installed  at  the  tunnel  portals  and  wherever 
necessary  for  tunnel  support.  Seepage,  although  expected  in  the  tunnel,  was 
not  considered  to  create  any  major  problem. 

To  Insure  a  solid  contact  between  the  concrete  liner  and  the  rock, 
contact  grouting  in  the  crown  of  the  tunnel  was  required,  and  consolidation 
grouting  was  performed  to  fill  the  fissures  and  voids  in  the  rock,  (Plate  48). 
Two  rings  of  curtain  grouting  were  placed  10  fe -t  apart  near  the  center  of  the 
tunnel  at  the  axis  of  the  dam.  The  ring  curtain  grouting  was  to  overlap  the 
embankment  grout  curtain  centered  between  the  grout  rings  (Plate  48). 
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3.2  Embankment  Design. 


3.2.1  Main  Embankment. 

(a)  General .  A  revised  typical  section  for  the  embankment  is 
shown  on  Plates  14  and  16.  The  zoning  revisions  were  made  primarily  to  provide 
for  greater  use  of  quarry-run  rock  as  well  as  more  efficient  use  of  the  other 
available  borrow  materials. 

(b)  Impervious  Material.  The  core  zone  was  not  changed  from 
Initial  design.  It  was  constructed  of  clays  and  plastic  silts  (CL,  CH,  and 
ML)  having  a  liquid  limit  exceeding  20  and  a  percent  of  fines  of  60  or  more. 
The  fill  was  allowed  to  contain  scattered  stones  with  a  maximum  size  of  3 
Inches . 


(c)  Random  Fill.  Zones  of  random  materials  were  added  both 
upstream  and  downstream  of  the  core  zone  through  the  revisions.  The  width  of 
the  downstream  zone  was  Increased  approximately  11  feet  to  use  more  of  the 
available  random  material.  These  zones,  which  are  essentially  the  same  as  the 
Impervious  zones  of  the  initial  design,  consist  of  materials  having  a  percent 
of  fines  of  40  or  more.  Maocimum  size  stones  within  the  random  fill  material 
did  not  exceed  6  Inches. 

(d)  Filter  A  Material.  A  design  change  was  made  during 
construction  which  consisted  of  the  3  foot  zone  of  fine  filter  (filter  A) 
being  moved  downstream  11  feet  as  a  result  of  increasing  the  width  of  the 
random  fill.  Filter  A  consisted  of  concrete  sand. 

(e)  Transition  Material.  Design  changes  during  construction 
in  the  downstream  transition  zone  consisted  of  eliminating  the  horizontal 
portion  and  including  a  small  zone  of  filter  C  material  to  transition  the 
filter  A  zone  to  the  rockfill  A  zone.  The  gradation  of  filter  C  material  is 
as  follows: 
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sieve  size 
6  Inch 
4  Inch 
2  Inch 
1  Inch 
3/8  Inch 
No.  4 


Percent  by 
Weight  passing 
100 

90-100 

65-85 

40-70 

15-35 

0-10 


The  upstream  transition  material  remained  essentially  the  same  except  that  the 
material  was  placed  between  the  random  fill  and  random  rockflll  zones.  Widths 
of  the  transition  zones  varied  between  8  and  12  feet,  as  shown  on  Plates  14 
and  16,  to  use  as  much  as  possible  of  the  by-product  obtained  from  the 
production  of  rockflll  A. 


(f)  Rockflll .  The  upstream  and  downstream  rockflll  shells 
were  rezoned,  as  shown  on  Plate  14,  to  use  more  rockflll  B  (random)  and  less 
rockflll  A  (processed).  This  was  due  primarily  to  a  better  quality  of  stone 
for  the  rockflll  B  zones.  Specifications  for  these  materials  are  as  follows: 


(1)  Rockflll  B.  Fresh  or  weathered  quarry-run  sandstone 
with  a  maximum  size  of  200  pounds  and  not  more  than  15  percent  by  weight  of 
friable  (highly  weathered)  sandstone  and  shale.  The  material  was  placed  in  18 
inch  lifts  and  compacted  with  four  passes  of  a  10  ton  vibratory  or  50  ton 
pneumatic  roller. 


(2)  Rockflll  A.  Fresh,  processed  sandstone  with  a 
maximum  size  of  250  pounds,  except  for  the  outer  5  feet  of  the  upstream  shell 
which  may  contain  350  pound  maximum  size  stone.  All  rockflll  A  materials  were 
processed  to  remove  shale  and  other  materials  smaller  than  3  inches.  After 
processing  the  finished  product  did  not  contain  more  than  5  percent  by  weight 
of  shale  or  material  smaller  than  3  inches. 

(g)  Stability.  Revised  stability  analyses  for  the  embankment 
design  are  presented  on  Plates  21  through  26.  Minimum  safety  factors  obtained 
for  these  analyses  of  the  revised  embankment  are  shown  in  Table  1. 
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TABLE  1 


EMBANKMENT  SAFETY  FACTORS 


Shear 

strength 

Type  of 

Safety  factors 

Condition 

used 

analysis 

Comnuted 

Reoulred 

End  of  construction 
Ups  tream 

Q 

Arc 

1.55 

1.3 

Q 

Wedge 

2.17 

1.3 

Downstream 

Q 

Arc 

1.77 

1.3 

Q 

Wedge 

2.32 

1.3 

Sudden  drawdown 

R 

Arc 

1.17 

1.0 

Steady  seepage 

R 

Arc 

1.49 

1.5 

S 

Arc 

1.50 

1.5 

R+S/2 

Wedge 

2.05 

1.5 

The  results  of  the  stability  analyses  indicate  the 
revised  embankment  section  is  satisfactory. 


3.2.2  Cofferdams . 

(a)  General .  The  cofferdams  for  construction  of  the  outlet  works 
were  inconsequential  (see  Design  Memorandum  No.  10,  Outlet  Works).  However, 
the  closure  cofferdam  (Cofferdam  No.  2)  (Plate  14)  constituted  a  significant 
portion  of  the  embankment.  To  use  the  cofferdam  to  the  maximum  possible 
extent  as  a  part  of  the  permanent  embankment,  the  position  and  configuration 
presented  in  General  Design  Memorandum  No.  4  was  revised  by  Supplement  No.  1 
to  Design  Memorandum  No.  9.  The  cofferdam  (see  typical  section  on  Plate  14) 
was  over  100  feet  in  height,  and  except  for  temporary  layers  on  the  upstream 
slope,  consists  of  portions  of  all  zones  of  the  embankment  below  El.  525.  The 
upstream  cofferdam  slope  was  set  equal  to  that  of  the  permanent  embankment 
(l:V  on  2:H).  The  downstream  slope  was  also  1:V  on  2:H  although  not  extending 
to  the  ultimate  width  of  the  downstream  rockflll  section.  In  deference  to  the 
potential  for  overtopping  and  related  loss  of  embankment  materials,  a  cable 
anchorage  system  was  provided  to  protecx  the  rockfiil  sections.  The 
downstream  cofferdam  (No.  3)  was  minor  in  height  (8  feet  maximum)  and  posed  no 
unique  problem. 

(b)  Wire  Mesh  System.  It  was  anticipated  that  the  central 
cofferdam  No.  2  would  be  overtopped  during  construction.  If  overtopping  and 
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subsequent  breaching  occurred,  the  Government  would  not  only  be  faced  with  the 
cost  and  time  delays  in  making  repairs,  but  with  significant  increases  in 
quantity  and  cost  of  fill  materials.  The  price  increases  would  result  as 
follows : 


(1)  The  upstream  borrow  areas  contain  only  minor  quantities 
of  reserve  fill  materials,  not  enough  to  replace  a  major  washout. 

(2)  An  alternate  borrow  source  about  7  miles  downstream  on 
private  lands  would  Involve  truck  haul  over  county  and  access  roads,  making 
the  cost  of  these  materials  about  5  times  more  than  those  obtained  from  the 
upstream  borrow  areas. 

(3)  The  second  alternative  of  replacing  a  portion  of  the 
soil  materials  with  rockfill  would  increase  the  cost  by  a  factor  of  4. 

To  engage  large  rock  masses  in  resistance  to  the  erosion  or  drag  forces  that 
would  develop  during  overtopping  a  wire  mesh  reinforcement  system  was  selected 
(Plate  9).  The  mesh  would  function  similar  to  a  Gabion  system  where  small 
rock  is  tied  together  to  act  as  a  single  unit.  The  specifications  required 
that  the  crest  profile  be  maintained  level  to  prevent  concentration  of  flow 
and  that  the  contractor  be  prepared  to  cover  the  dov/r.stream  lip  with 
reinforcement  whenever  overtopping  was  considered  imminent. 

The  District  investigated  the  possibility  of  leaving  a  portion  of  the 
cofferdam  low  to  serve  as  a  spillway  but  found  that  the  Increased  depth  of 
flow  and  the  interference  with  construction  made  it  more  desirable  to  allow 
overflow  over  the  full  length.  The  control  elevation  was  located  at  the  lip 
of  the  downstream  slope.  The  reinforced  cofferdam  slope  was  contained  within 
the  finished  embankment,  and  therefore  it  was  not  considered  necessary  to 
remove  oi  overlay  the  reinforcement. 

With  the  above  alternatives  in  mind,  the  addition  of  an  anchored  wire  mesh 
system  was  felt  warranted  in  the  revision  of  1970  (Plate  18).  This  system 
offered  greater  resistance  to  the  potential  overflow  forces  than  individual 
stones.  Subsequently,  in  1973  the  final  modification  to  the  slope  protection 
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for  Cofferdam  No.  2  was  adopted  after  loss  of  embankment  material  during 
overtopping  (Plate  17). 

3.2.3  Impervious  Materials.  Borrow  was  limited  to  those  areas  located 
in  the  flood  plain  upstream  from  the  dam  axis,  all  within  the  fee  purchase 
limits.  Estimates  based  on  explorations  indicated  sufficient  materials  were 
available  to  meet  the  basic  requirements  for  the  impervious  portions  of  the 
embankment.  The  soils  for  the  select  impervious  zone  were  in  short  supply. 
As  shown  in  Table  1,  Appendix  A,  these  soils  were  confined  to  borrow  area  C, 
although  alternate  sources  were  available  at  increased  costs. 

3.2.4  Rockf ill .  Seven  individual  ledge  outcrops  of  quartzitic  sandstone 
were  explored  in  the  search  for  an  adequate  and  suitable  quarry  site  for  the 
source  of  rockf ill  material.  An  estimated  5,500,000  cubic  yards  of  usable 
rockflll  material  could  be  excavated  from  the  portions  of  the  ledge  where  the 
overburden  was  not  excessive.  A  typical  sample  of  the  quartzitic  sandstone  in 
the  quarry  was  tested  and  the  results  of  the  physical  tests  are  listed  in 
Table  2,  Appendix  A. 

3.2.5  Transition  and  Filter  Materials.  The  transition  material  was 
produced  from  the  waste  at  the  rockflll  quarry.  The  sand  filter  layer  was 
obtained  from  off-site  sources. 


3.2.6  Spillwav. 


f 


(a)  Spillway  Wraparounds.  A  section  of  the  spillway  wraparound 
is  shown  on  Plate  2.  The  section  was  designed  as  a  rockflll  shell  with  an 
Impervious  earth  core.  The  impervious  zone  was  placed  against  the  concrete 
with  a  minimum  horizontal  dimension  of  5  feet  near  the  crest  and  a  1:V  on  1:H 
slope  to  the  base.  A  layer  of  coarse  material  was  placed  between  the 
impervious  core  and  the  rock  shells  to  form  a  transition.  The  maximum  exterior 
slope  was  1:V  on  2.5:H.  All  soil  was  removed  from  the  wraparound  foundation 
areas.  Spur  dikes,  placed  on  either  side  of  the  spillway  entrance,  were 
constructed  of  spillway  rock  excavation  with  exterior  slopes  of  1:V  on  2.5:H. 

(b)  Embankment .  The  embankment  design  was  the  same  as  the  main 
dam  embankment  as  presented. 
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(c)  Saddle  Dikes.  A  typical  section  of  the  saddle  dikes  is  shown 
on  Plate  29.  The  dikes  attained  a  maximum  height  of  only  12  feet  and  were  an 
all  earth  section  rather  than  rockfill  as  used  in  the  main  dam.  This  was  a 
more  economical  design  because  of  the  near  proximity  of  earth  materials  in 
comparison  to  the  distant  location  of  rock  either  from  the  required  excavation 
or  the  quarry  site.  The  slopes  were  flattened  to  1  on  6  to  eliminate  the  need 
for  riprap  and  backing.  An  inspection  trench  was  excavated  to  rock  along  the 
centerline  of  Dike  No.  2. 


3.2.7  Outlet  Works. 

(a)  Tunnel .  The  10-foot-diameter  concrete  lined  tunnel  began  48 
feet  downstream  from  the  downstream  face  of  the  gate  tower.  The  tunnel  was 
designed  In  accordance  with  EM  1110-2-2901,  using  case  IV.  Supporting  steel 
ribs  were  used  during  excavation  where  needed  for  i  of  support  and  remain  as 
reinforcing  for  the  tunnel  lining.  Sections  of  the  turnel  are  shown  on  Plates 
46,  47  and  48. 

(b)  Stilling  Basin.  The  stilling  basin  extends  downstream  from 
the  outlet  portal  and  provides  for  a  reduction  in  velocity  of  the  tunnel 
discharge.  Immediately  downstream  from  the  outlet  portal,  the  structure 
consists  of  a  U-  "shaped  channel  with  vertical  walls  which  flare  out  to  the  full 
width  of  the  stilling  basin  slab.  The  walls  and  slab  were  anchored  to  the 
adjoining  rock  by  grouting  anchor  bars  into  drilled  holes.  Drains  were 
provided  behind  the  walls  and  beneath  the  slab  to  reduce  the  hydrostatic 
pressure.  The  unbalanced  hydrostatic  uplift  for  the  stilling  basin  slab  was 
reduced  by  50  percent  as  recommended  by  EM  1110-2-2400.  Details  of  the 
stilling  basin  are  shown  on  Plate  49. 


3.2.8  Compaction  Control.  Compaction  control  criteria  given  in  the 
specif  1  oat. "I on 9  for  the  embankment  zones  arc  presented  in  Tables  3.2.S{a)  and 
3.2.8(b).  The  Test  Embankment  Report  prepared  by  Tulsa  District  is  contained 


in  Appendix  C. 


TABLE  3.2.8(a) 


COMPACTION  CONTROL  CRITERIA  FOR  EMBANIMENT  MATERIALS 


Tvoe  of  Material 

Item 

Select 

Impervious 

Imoervlous 

Filters 

Roci 

Weathered 

iflll 

Fresh 

Roller,  types 
and  number  of 
passes 

Tamping 

8 

8 

Prohibited 

Prohibited 

Prohibited 

Pneumatic , 
50-ton, 

Prohibited 

6 

3 

4 

Prohibited 

Vibratory, 

10-ton, 

Prohibited 

Prohibited 

(1)3 

Prohibited 

4 

Tractor , 
crawler 

Prohibited 

Prohibited 

3 

Prohibited 

Prohibited 

Lift  thickness, 
loose  inches 

8 

(2)8 

12 

12 

24 

Target  densities 

95 

95 

70 

(4) 

(4) 

(3) 

(1)  A  lightweight  steel  wheel  roller  was  allowed  for  the  sand  filter. 

(2)  Twelve  Inches,  if  pneumatic  roller  was  used. 

(3)  In  terms  of  standard  AASHO  method  except  for  filter  criteria  which 
refers  to  relative  density. 

(4)  Methods  of  control  were  identical  to  those  used  for  test  fill. 
Periodic  check  tests  (by  one  cubic  y<ard  test  pits)  were  also  used 
to  determine  density  and  gradations  of  in-place  rockfill. 


TABLE  3.2.8(B) 

MOISTURE  CONTROL  CRITERIA  FOR  EMBANKMENT  MATERIALS 


Zone 

Range  in  Moisture, 
Percent  from  wo 

Select  Impervious 

0  to  +4 

Impervious 

-3  to  +3 

Filter 

None  ( 1 ) 

(1)  Filter  materials  were  moistened  in  accordance  with  the  latest 
revisions  to  the  guide  specification.  Sluicing  was  prohibited. 
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4.  FOUNDATION  CONSTRUCTION  PROCEDURES 


4.1  Embankment  Foundation. 

4.1.1  Overburden  Excavation.  Hixson  and  Lehenbaur,  Inc.,  of  Topeka, 
Kansas,  the  prime  contractor,  began  clearing  the  embankment  area  on  19  September 
1972.  Stripping  of  overburden  material  began  on  19  October  1972.  Suitable 
materail  was  placed  in  cofferdam  No.  1.  Unsuitable  material  was  used  to 
construct  haul  roads  and  a  river  crossing  or  wasted  in  designated  areas.  This 
excavation  was  accomplished  with  the  use  of  three  D-8  Caterpillar  dozers,  two 
621  Caterpillar  scrapers,  one  988  Caterpillar  loader,  and  two  769  Caterpillar 
tail  dumps . 

4.1.2  Embankment .  A  cutoff  trench  was  presplit  and  excavated  to  a  depth 
of  10  feet  from  station  23+15  to  Station  27+80  and  station  31+50  because  top  of 
rock  was  firm.  Total  planned  width  of  the  cutoff  trench  was  25  feet.  However, 
the  trench  was  widened  and  deepened  in  the  loose  fractured  rock  encountered 
between  station  26+00  and  station  27+50.  Where  the  foundation  rock  had  many  open 
joints  in  the  bottom  of  the  trench,  the  joints  were  filled  with  concrete  or  grout 
to  protect  the  core  from  piping.  The  downstream  slope  of  the  trench  from  station 
25+90  to  station  27+30  and  station  32+20  to  station  39+75  was  covered  with  a  2" 
coat  of  gunite  because  of  extensive  jointing.  A  grout  curtain  was  formed  along 
the  dam  axis  between  station  23+20  and  station  39+40.  A  single  line  of  holes, 
varying  in  depth  from  20  feet  to  100  feet,  was  drilled  and  grouted.  The  holes 
were  angled  25  into  the  left  and  right  abutments  with  a  transition  between 
station  32+40  and  station  33+30.  The  grout  curtain  for  the  embankment  overlaps 
and  centers  between  two  rings  of  curtain  grout  provided  for  the  outlet  works 
tunnel . 

4.1.3  Treatment .  Surfaces  to  receive  materials  other  than  impervious  or 
random  fill  did  not  require  special  foundation  preparation.  Blade  cleaning  of 
these  surfaces  as  part  of  the  common  excavation  was  adequate.  Treatment  of  the 
foundation  rock  within  the  limits  of  the  random  fill  and  impervious  zones 
consisted  of  cleaning  all  rock  surfaces,  open  joints,  and  fractures  by  washing, 
air  jet,  or  both.  Open  joints  in  the  rock  surface  were  sealed  and  capped  with 
grout  or  mortar.  Small  fractures  and  open  joints  in  the  rock  were  cleaned  to 
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I  the  depths  directed  and  covered  with  cement  mortar  or  thick  grout.  Large 

fractures  and  large  open  joints  in  the  bottom  of  the  cutoff  trench  were  cleaned 
out  to  a  depth  directed  by  the  Contracting  Officer  and  filled  with  concrete. 
Exposed  final  rock  surfaces  which  were  subject  to  deterioration  were  immediately 
covered  and  protected  by  a  layer  of  the  overlying  embankment  material. 

4.1.4.  Slide  Area.  During  the  night  of  16  January  1973  a  slide  of 
approximately  15,000  cubic  yards  of  insitu  material  occurred  in  a  portion  of  the 
right  abutment.  The  slide  encompassed  an  area  some  200  feet  square  from  station 
23+90  to  station  25+90  immediately  downstream  of  the  cutoff  trench.  This  block 
of  material  moved  down  dip  into  the  excavated  cutoff  trench  with  an  apparent 
pivot  point  approximately  200  feet  downstream  of  centerline  at  approximately 
station  25+80.  (See  photographs  1  through  5).  A  thin  clay  shale  seam, 
immediately  above  the  floor  of  the  cutoff  trench  and  lubricated  by  percolating 
groundwater,  provided  the  slippage  plane.  Removal  of  the  slide  material  began 
on  6  February  1974  and  was  completed  13  February  1974.  Approximately  12,000  cubic 
yards  were  removed  and  incorporated  in  the  embankment  rockfill  section. 

4.1.5  Overexcavation .  Considerable  widening  of  the  cutoff  trench  was 
required  on  the  lower  portion  of  the  right  abutment.  Because  of  the  extremely 
fractured,  loose  condition  of  the  rock  encountered  from  station  25+00  to  station 
27+50  the  cutoff  trench  was  widened  as  well  as  deepened.  See  paragraph  4.2.2. 
After  consultation  with  District  Office  personnel,  it  was  decided  to  remove  the 
upstream  and  downstream  faces  until  suitable  rock  was  reached.  In  any  case,  the 
widening  was  not  carried  beyond  the  limits  of  the  toe  of  the  random  fill.  This 
widening  varied  from  20  feet  to  70  feet  upstream  and  40  feet  to  60  feet 
downstream  of  the  planned  centerline.  Total  plan  width  of  the  cutoff  trench  was 
25  feet.  Some  minor  over excavation  also  occurred  on  the  left  abutment  along  the 
upstream  face  where  the  dip  slope  was  intercepted  by  the  cutoff  trench  causing 
some  sloughing  along  the  dip  slope. 

A  O  -  ..A.  n  . 

-r  .  L.  vj;lwuu  OULUciXll  . 

4.2.1  Drilling  and  Grouting.  The  grout  curtain  was  formed  by  drilling  and 
i  grouting  a  single  line  of  holes,  varying  in  depth  from  20  to  100  feet, 
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along  the  dam  axis  from  station  23+20  to  station  39+40.  Generally  the  holes 
were  angled  25  into  the  left  and  right  abutments  with  the  transition  occurring 
from  station  32+40  to  station  33+30.  The  primary  holes  {20-foot  centers)  were 
drilled  to  full  depth,  washed,  pressure  tested,  and  grouted  in  accordance  with 
the  "stop  grouting,  split  spacing"  method.  The  secondary  holes  were  located 
midway  between  the  primary  holes.  This  split  spacing  continued  until  the 
holes  were  determined  to  be  tight.  The  drilling  and  grouting  was  done  by  the 
Judy  Company,  a  subcontractor.  The  Judy  Company  began  operations  on  15 
January  1973  and  completed  their  work  on  28  April  1974;  however,  work  was  not 
continuous  within  these  dates  (See  paragraph  4.2.2).  Equipment  used  is  listed 
in  Table  4.2.1.  Photograph  18  shows  grouting  operations. 

TABLE  4.2.1 
GROUTING  EQUIPMENT 


Item  Quantity 


Chicago  -  Pneumatic  600  Air  Compressor  1 
Gardner  -  Denver  900  Air  Compressor  1 
Chicago  -  Pneumatic  AirTrac  Drill  1 
Gardner  -  Denver  AirTrac  Drill  1 
Gardner  -  Denver  Grout  Pump  1 
Wllden  Air  Pump,  2  inch  1 
Deming  Air  Pump,  3  inch  1 
Truck,  2-ton  1 
Pickup,  1/2-ton  2 
Parts  Trailer  1 
Assorted  Valves,  Gages,  Hoses 


4-2.2  Difficulties  Encountered.  The  slide  mentioned  previously  occurred 
during  the  night  of  16  January  1973  forcing  Judy  Company  to  delay  operations 
approxiir.ately  one  month.  (See  photograph  2.)  Operations  resumed  19  February 
with  drilling  grout  holes  at  station  30+40.  The  valley  bottom  and  left 
abutment  was  grouted  with  no  d'fficulty.  On  28  May  1973  grouting  operation 
began  on  the  right  abutment  and  problems  were  experienced.  It  was  originally 
planned  to  form  the  grout  curtain  from  station  26+50  to  station  27+00  by 
drilling  a  fanshaped  pattern  of  holes  from  station  26+20  to  station  26+40. 
Since  pressure  testing  resulted  in  considerable  water  losses  above  15  feet, 
grout  was  introduced  by  gravity  flow.  After  approximately  30  minutes  grout 
began  to  leak  from  a  spring  40  feet  upstream  at  approximately  station  27+80. 
After  pumping  874  sacks  of  cement  with  no  apparent  tightening  of  the 
foundation,  the  grouting  operation  was  suspended  temporarily  on  12  June  1973. 
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The  cutoff  trench  was  deepened  approximately  8  feet  by  drilling  and  blasting. 
This  exposed  a  large  fracture  partially  filled  with  grout  at  station  26+45  to 
26+65.  (See  photographs  28,  29  and  30.)  The  decision  was  made  to  fill  this 
area  with  concrete.  Since  routine  grouting  methods  were  not  successful  in 
this  area,  a  Field  Order  was  Issued  directing  the  Contractor  to  drill  and  sand 
grout  a  line  of  holes  on  l-foot  centers  16  feet  deep,  10  feet  upstream  of 
centerline  from  station  26+23  to  26+68,  to  form  a  plug  between  the  grout 
curtain  along  centerline  and  the  open  joints  and  fractures  upstream.  Work  on 
the  Field  Order  began  9  July  1973  and  was  completed  18  July  1973.  On  24  July 
1973  the  grout  curtain  was  completed  to  the  base  of  the  slide  area. 

Judy  Company  resumed  operations  on  18  February  1974.  .Another  problem  area  was 
encountered  from  station  25+20  to  station  25+70.  See  photographs  19,  20,  23, 
24,  25,  39,  40  and  42.)  Two  large  open  fractures  extended  across  the  cutoff 
trench  at  station  25+30  and  station  25+50.  The  larger  of  these,  a  V-shaped 
opening  7-10  feet  deep  and  2-3  feet  wide  at  the  top  at  station  25+30  also 
extended  upstream  under  the  abutment  in  excess  of  65  feet.  The  accessible 
portions  were  filled  with  high  slump  concrete  and  an  attempt  was  made  to  grout 
the  centerline.  Since  grout  was  bypassing  the  concrete  plug,  13  holes  18  feet 
deep  were  drilled  upstream  of  the  cutoff  trench  to  intersect  the  fracture.  A 
thick  3:1  sand  grout  was  mixed  in  ready-mix  trucks  and  a  total  of  26  cubic 
yards  were  poured  into  these  holes  (see  photographs  21  and  22),  with  an 
additional  3  cubic  yards  poured  into  the  grout  holes  on  centerline  at  station 
25+30  (1/2  cubic  yard)  and  station  25+50  (2-1/2  cubic  yards).  When  the 
centerline  had  been  grouted  to  refusal,  additional  rows  of  holes  10  feet  and  5 
feet  upstream  were  drilled  and  grouted  to  insure  that  the  area  was  tight  (See 
photograph  41).  As  a  final  check,  two  holes  were  drilled  15  and  35  feet 
upstream  of  the  face  to  intersect  the  fracture.  These  holes  were  tight. 
Grouting  was  completed  28  April  1974. 

4.2.3  Grouting  Summary.  Table  4.2.3  summarizes  the  embankment  foundation 
grouting  totals  for  the  job.  A  breakdown  of  data  included  in  Table  4.2.3 
shown  in  Table  4.2.4  by  stations  and  zones. 

4.2.4  Conclusions .  The  sandstone  and  shale  comprising  the  foundation  of 
the  embankment  were  firm  and  fresh  and  considered  adequate  to  support  the 
imposed  load.  The  entire  length  of  the  grout  curtain  for  the  full  depth  was 
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pressure  grouted  to  refusal.  Subsequent  high  water  retained  by  the  cofferdam 
produced  no  unusual  increase  in  seepage  downstream.  These  facts  indicate  that 
the  grout  curtain  is  performing  the  design  function. 

TABLE  4.2.3 
GROUTING  SUMMARY 

Drilling  ( ft )  Pres.  Test  Sacks  of  Cement  Pumptlme  Connections 
19,085  71  hr.  57  min.  7,347  386  hr.  33  min.  523 


TABLE  4.2.4 
GROUT  TAKE  SUMMARY 


Stations 

2one  1 
( below  40  '  ) 

Zone  2 
( 15'-40 

Zone  3 

•J _ (_21-15'_L 

Total 

Total  Sacks  Cement 
Drilled  Per  Foot 

Primary  Hole 

(20' 

Centers ) 

23+20-27+90 

74.2 

17.9 

280.7 

372.8 

1905 

0.20 

28+00-31+95 

301.2 

142.8 

29.8 

473.8 

2000 

0.24 

32+00-39+40 

10.5 

541.6 

494.5 

1046.6 

2950 

0.35 

Secondary  Holes 

(10’ 

Centers ) 

23+20-27+90 

47.6 

25.6 

890.1 

963.3 

2100 

0.46 

28+00-31+95 

122.3 

30.2 

28.4 

180.9 

2000 

0.09 

32+00-39+40 

9.4 

93.4 

227.0 

329.8 

2900 

0.11 

Tertiary  Holes 

(5- 

Centers ) 

23+20-27+90 

3.7 

66 .8 

806.5 

877.0 

880 

1.00 

28+00-31+95 

0.0 

6.6 

27.9 

34.5 

848 

0.04 

32+00-39+40 

- 

325.1 

70.4 

395.5 

600 

0.66 

Quaternary  Holes 

(2.5’ 

Centers ) 

23+20-27+90 

47.5 

676.4 

723.9 

665 

1.09 

28+00-31+95 

- 

- 

- 

- 

- 

- 

32+00-39+40 

- 

0.0 

86.0 

86.0 

208 

0.41 

Quinterary  Holes 

(1.25’ 

Centers ) 

23+20-27+90 

.. 

7,2 

168.8 

176.0 

320 

0.55 

28+00-31+95 

- 

- 

- 

- 

- 

- 

32+00-39+40 

- 

0.0 

0.0 

0.0 

80 

0.00 
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Holes 

(0.63*  Centers) 


23+20-27+90 

- 

- 

0.0 

0.0 

80 

0.00 

28+00-31+95 

- 

- 

- 

- 

- 

- 

32+00-39+40 

- 

- 

- 

- 

- 

- 

Grout  Take 

By  Zones 

23+20-27+90 

125.5 

165.0 

2822.5 

3113.0 

28+00-31+95 

423.5 

179.6 

86.1 

689.2 

32+00-39+40 

19.9 

960.1 

877.9 

1857.9 

568.9 

1304.7 

3786 . 5 

5660.1 

Grout 

pumped  before  deepening 

C.O.T. 

- 

Station  26+20 

to  26+40 

874.0 

sacks 

Grout 

and 

sand  pumped  6 

'  US  from 

Station 

26+33  to  26+68 

365.4 

sacks 

Backfill 

and  allowable 

waste 

447.5 

sacks 

TOTAL  7347.0  sacks 

4.3  Splllvay.  Vertical  or  near  vertical  faces  against  which  concrete  was 
placed  were  either  line  drilled  or  presplit.  All  shale  faces  were  covered 
with  double  spray  applications  of  bituminous  protection.  Brecciated  shale  was 
removed  along  the  faulted  sandstone-shale  contact.  The  foundation  beneath  the 
spillway  structure  and  the  cut-off  trench  for  the  wrap-around  embankments  were 
grouted.  Grout  holes  in  the  cut-off  trench  were  drilled  vertically  on  10  feet 
centers.  Grout  holes  in  the  spillway  gallery  were  inclined  upstream  at  28 
measured  from  vertical  as  shown  on  Plate  12.  Grout  holes  were  formed  through 
the  concrete  by  black  steel  pipe  installed  on  5  feet  centers  and  extending 
from  the  foundation  to  the  gallery  gutter.  The  grouting  profile  is  also  shown 
on  Plate  12.  Foundation  drains  were  installed  on  the  downstream  side  of  the 
gallery  to  depths  of  36  feet  and  50  feet.  Drain  holes  were  spaced  10  feet  on 
centers  and  were  inclined  downstream  at  an  angle  of  20°  measured  from 
vertical . 

4.4  Outlet  Works.  Excavation  faces  were  formed  by  presplitting  and  close 
line  drilling.  Shale  faces  were  covered  with  a  bituminous  sealing  compound  on 
the  steep  slopes  and  with  protective  concrete  on  horizontal  or  near  horizontal 
faces.  Rock  bolts  and  wire  fabric  were  placed  throughout  the  tunnel  except  in 
the  transition  section  and  areas  containing  steel  rib  supports.  Steel  ribs 
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were  also  installed  from  station  5+60T  to  station  6+23T  and  station  10+78T  to 
station  10+961  on  3  feet  centers  for  a  total  of  29  supports.  A  concrete 
tunnel  liner  was  installed  and  contact  grouting  was  performed  to  provide  a 
solid  contact  between  the  concrete  liner  and  the  rock.  After  the  contact 
grouting  was  completed  the  voids  in  the  rock  surrounding  the  bore  were 
grouted.  Two  rings  of  curtain  grout  were  placed  10  feet  apart  near  the  center 
of  the  tunnel  at  the  axis  of  the  dam.  The  ring  curtain  grouting  overlaps  the 
embankment  grout  curtain  which  was  centered  between  the  grout  rings. 
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5.  CONSTRUCTION  CONTROL  DATA. 


i 


5.1  Cons'cructlon  Sequence.  The  general  construction  sequence  for  the 
main  dam  embankment  was  as  follows: 

(a)  Construct  cofferdams  No.  1  and  No.  3. 

(b)  Construct  log  boom. 

(c)  Grout  and  excavate  foundation. 

(d)  Construct  cofferdam  No.  2. 

(e)  Complete  embankment  and  associated  work. 

5 . 2  Embankment  Fill. 

5.2.1  Typical  Section.  A  typical  section  of  the  main  embankment  is  shown 
on  Plate  16.  The  maximum  height  of  the  main  embankment  is  162  feet.  The 
section  is  essentially  symmetrical  with  a  central  Impervious  core,  random  fill 
zones  flanked  by  transition  material,  and  outer  shell  zones  of  rockfill.  A 

,  three  foot  thick  Inclined  filter  A  is  connected  to  the  downstream  rockfill 

zone  by  a  transition  zone  and  coarse  filter  C  material. 

5.2.2  Borrow.  Earth  materials  for  the  impervious  and  random  zones  were 
obtained  from  borrow  areas  A1 ,  A2,  B  and  C.  Additional  borrow  materials  were 
obtained  from  borrow  area  E  for  construction  of  embankment  and  dikes  in  the 
spillway  area.  Additional  borrow  for  construction  of  the  main  embankment  was 
obtained  from  Hunter's  Creek  downstream  of  the  dam  site  and  from  Striklin 
Creek  located  upstream  along  the  left  abutment.  The  soils  ranged  from  fine¬ 
grained  to  granular  types.  The  predominant  soil  was  a  very  lean  sandy  clay, 
low  in  plasticity,  essentially  borderline  between  a  clayey  silt  and  a  clayey 
sand  (CL,  sandy  but  also  Includes  ML-CL,  sandy  and  some  SC.)  Gravel  and  shale 
were  present  in  the  lower  elevations  of  most  areas.  A  summary  of  borrow  soil 
test  results  is  contained  in  Appendix  A. 

5.2.3  Filter .  Materials  for  the  inclined  filter  (filter  A),  and  filter  C 
were  obtained  from  the  southern  portion  of  borrow  area  B.  These  materials, 

/  primarily  gravels,  were  processed  to  the  extent  necessary  to  meet  the 

specifications . 
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5.2.4  Rockfill  and  Transition  Materials.  The  quarry  site  is  located 
upstream  from  the  dam  site  and  about  5,000  feet  east  of  the  river.  Prior  to 
construction  of  the  embankments,  a  test  fill  was  built  to  develop  engineering 
data  for  materials  (Rockfill  A  and  Rockfill  B)  from  the  quarry  site.  Details 
of  the  test  embankment  are  shown  in.  Appendix  C,  in  the  Test  Embankment  Report, 
Gillham  Dam,  prepared  by  Tulsa  District.  Material  for  the  Rockfill  "B"  zones 
consisted  of  Class  I  or  II  rock  with  a  maximum  size  of  200  pounds  with  less 
than  15  percent  by  weight  either  passing  the  No.  4  screen,  or  consisting  of 
friable  (highly  weathered)  stone,  or  shale  material,  in  any  load.  Material  for 
Rockfill  "A"  consisted  of  Class  I  rock  with  a  maximum  size  of  250  pounds  with 
the  exception  that  stone  placed  in  the  outer  five  feet  of  the  upstreaim 
Rockfill  "A"  zone  had  a  maximum  size  of  350  pounds  and  an  Intermediate  size 
that  405^  of  the  stone  weighed  more  than  50  pounds.  Processing  was  required  to 
remove  shale  and  materials  smaller  than  three-inch  size  and  this  by-product 
was  used  for  the  transition  material. 


During  construction,  three  in-place  density  determinations  were  made  for  the 
Rockfill  "A"  and  Rockfill  "B"  materials.  The  results  of  the  tests  are  shown 
below. 

ROCKFILL  A 


Test  No. 

1 

2 

3 


Station 

31+07 

29+85 

31+00 


Offset 

147'D.S. 

138'D.S. 

80'U.S. 


Elevation 

439.1 

463.1 
540.0 


Dry  Density 
#/ft3 

113.2 

120.8 

116.3 


Minus  3” 

28 

25 

16.9 


ROCKFILL  B 


Test  No. 

1 

2 

3 


Station 

31+08 

28+00 

33+00 


Offset 

220 'U.S. 
130’U.S. 
140'D.S. 


Elevation 


443.9 

474.0 

500.0 


Dry  Density 
#/ft3 

138.6 

136.6 
136.4 


Minus  3" 

% 

15.8 

13.0 

11.0 


The  results  of  the  Rockfill  density  tests  indicated  that  the  in-piace 
densities  were  some  5?^  to  155^  greater  than  the  design  unit  weights  for 
Rockfill  B  and  A  respectively. 
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5 . 3  Embankmcin.  Stability. 


5.3.1  Tests  and  Design  Values.  Shear  tests  were  conducted  on 
representative  soils  in  the  remolded  state  for  impervious  and  random  soils. 
Test  results  from  test  fills  at  Gillham  Dam  and  Dierks  Dam  were  used  in 
determining  the  unit  weights.  Results  of  tests  of  borrow  materials  are 
contained  in  Appendix  D,  results  of  tests  of  borrow  soil  are  contained  in 
Appendix  E,  and  results  of  tests  of  rock,  rockfill,  riprap  and  concrete 
aggregate  are  contained  in  Appendix  F.  The  Adopted  Design  Strengths  are  shown 
in  the  following  tabulation: 

Adopted  Design  Strengths 

Saturated  Submerged  Q  R  S 


Materials 

Unit  Weight 
{ pcf) 

Unit  Weight 
( pcf) 

0 

( deg) 

C 

( tsf ) 

0 

( deg) 

C 

( tsf) 

0 

( deg) 

C 

( tsf ) 

Rockfill  A 

(1) 

135 

72.5 

42 

0. 

42 

0. 

42 

0. 

Rockfill  B 

(2) 

135 

72.5 

36 

0. 

36 

0. 

36 

0. 

Transition 

(3) 

125 

62.5 

33 

0. 

33 

0. 

33 

0. 

Filter  (3) 

125 

62.5 

33 

0. 

33 

0. 

33 

0. 

Randomfill 

125 

62.5 

5 

0.5 

22 

0.2 

28 

0. 

Impervious 

125 

62.5 

5 

0.5 

22 

0.2 

28 

0. 

0=»Angle  of  internal  friction  C=»Cohesion 


(1)  Material  assumed  to  have  40  percent  voids  and  a  saturated 
surface  dry  unit  weight  of  105  pcf.  Angle  of  internal 
friction  was  assumed  to  be  42°. 

(2)  Angle  of  internal  friction  was  assinned  to  be  36°. 

(3)  Angle  of  Internal  friction  was  assumed  to  be  33°. 


5.3.2  Construction  Control  Tests.  The  following  summary  contains  the 
results  of  the  construction  Record  Samples  from  the  impervious  and  random  fill 
zones  as  compared  to  the  design  strengths  of  these  materials.  A  graphical 
presentation  of  the  shear  test  data  is  presented  on  Plate  20. 


CONSTRUCTION  CONTROL  SHEAR  TESTS 


No. 

Tests 

Type 

Test 

Test  Strength 

0  C 

Degrees  t.s.f. 

Design  Strength 
0  C 

Degrees  t.s.f 

8 

Q 

10 

0.9 

5 

0.5 

8 

R 

24 

0.6 

22 

0 . 2 

8 

S 

34 

0.0 

24 

0.0 

The  results  of  the  construction  control  in  place  density,  water  contend,  and 
classification  tests  for  the  random  and  impervious  materials  are  summarized 
below: 
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CONSTRUCTION  CONTROL  FIELD  TESTS 


Material 

Compaction 

Wf-Wo 

Percent  Fines 
% 

LL 

* 

Average 

99.3 

-0.10 

66.4 

27.3 

Impervious 

(1) 

High 

103.8 

+2.2 

95.1 

44.3 

Low 

95.2 

-2.5 

52.0 

18.0 

Average 

99.4 

+  .04 

60.2 

25.1 

Random 

(2) 

High 

106.6 

+2.9 

92.2 

35.0 

Low 

94.5 

-2.6 

39.5 

17.0 

(1)  Results  of  82  tests. 

(2)  Results  of  163  tests. 


The  results  of  the  field  tests  indicate  the  field  moisture  content  of  the 
random  and  impervious  materials  was  essentially  within  the  limits  specified 
with  only  a  small  number  of  the  tests  having  a  moisture  content  slightly  drier 
than  specified. 


5.3.3  Stability.  The  embankment  was  analyzed  for  stability  under 
conditions  of  end  of  construction,  sudden  drawdown,  partial  pool  and  steady 
seepage.  The  trial  slip  surfaces  were  analyzed  using  the  procedures  set  forth 
in  Engineering  Manual,  EM  1110-2-1902,  1  April  1970.  The  following 
tabulations  indicate  the  safety  factors  obtained  for  the  most  critical  slip 
surface  based  on  the  design  shear  strengths  and  the  "as  built"  shear  strength 
of  the  random  and  impervious  materials.  The  lowest  safety  factors  obtained 
for  each  condition  analyzed  are  shown  in  the  following  tabulation: 


Shear  Strength  Type  of  Safety  Factors 


Condition 

Used 

Analysis 

As  Built 

Desicn 

Reaulred 

End  of  Construction 

(US) 

Q 

Arc 

1.66 

1.55 

1.3 

End  of  Construction 

(US) 

Q 

Wedge 

1.66 

2.17 

1.3 

End  of  Construction 

(DS) 

Q 

Arc 

1.86 

1.77 

1.3 

End  of  Construction 

(DS) 

Q 

Wedge 

1.86 

2.32 

1.3 

Sudden  Drawdown  (2) 

R 

Arc 

— 

1.17 

1.0 

Sudden  Drawdown  ( 1 ) 

S,R 

Arc 

1.28 

— 

1.0 

Partial  Pool 

S,(R+S)/2 

Arc 

1.52 

— 

1.5 

f  A  \ 

V**; 

ft 

Arc 

— 

1.49 

1.5 

steady  Seepage  (4) 

S 

Arc 

— 

1.50 

1.5 

Steady  Seepage  (3) 

S,(R+S)/2 

Arc 

1.70 

— 

1.5 

Steady  Seepage  ( 4 ) 

U+S)/2 

Wedge 

— 

2.05 

1.5 

Steady  Seepage  (3) 

S,(R+S)/2 

Wedge 

1.56 

— 

1.5 

(See  Notes,  Next  Page) 
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(1)  Analysis  for  sudden  drawdown  from  maximum  pool  elevation  581.0  to 
conservation  pool  elevation  502.0.  The  rockfill  "A"  zone  was  assumed  to  be 
free  draining. 

(2)  Analysis  for  sudden  drawdown  from  flood  control  pool  elevation  569.0 
to  conservation  pool  502.0.  The  rockfill  "A"  zone  was  assumed  to  be  free 
draining. 

(3)  Analysis  based  on  differential  head  between  maximum  water  surface 
elevation  581.0  and  maximum  tailwater  elevation  480.0. 

(4)  Analysis  based  on  differential  head  between  flood  control  pool 
elevation  569.0  and  maximum  tailwater  elevation  480.0. 

5.3.4  Conclusion.  Based  on  a  comparison  of  test  results  of  the  in-place 
materials  with  those  used  in  design,  the  stability  of  the  structure  is 
considered  adequate. 

5 . 4  Design  Modification. 

5.4.1  Right  Abutment  Slide.  A  slide  containing  approximately  15,000 
cubic  yards  of  insltu  material  occurred  on  the  right  abutment  between  sta. 
23+90  and  sta.  26+25  on  16  January,  1973.  The  slide  resulted  from  excavation 
of  the  cutoff  trench  and  moved  along  a  bedding  plane  at  the  base  of  the  cutoff 
trench.  Removal  of  the  slide  material  eliminated  the  downstream  face  of  the 
cutoff  trench  through  this  reach  and  deletion  of  the  2-inch  thick  coating  of 
pneumatically  placed  concrete.  Approximately  12000  cubic  yards  of  the  slide 
mass  was  incorporated  into  the  embankment  sections. 

5.4.2  Revised  Design-Cofferdam  No.  2.  Cofferdaim  No.  2  was  overtopped 
five  times  during  the  construction  period.  The  first  three  of  these 
overtoppings  resulted  in  substantial  losses  of  fill  materials.  The  initial 
cofferdam  design  is  shown  on  Plate  18  and  the  revised  design  on  Plate  17.  The 
original  design  had  the  timber  anchorages  on  the  same  horizontal  plane  as  the 
wire  mesh  it  was  holding  and  therefore  when  the  overlying  material  was  washed 
away  there  was  no  ballast  to  protect  the  timber  anchorages.  Basically,  the 
revised  design  consisted  of  two  inverted  skillet  weir  sections  which  provided 
an  anchorage  system  to  hold  the  wire  mesh  and  cable  system  in  place  when  the 
slopes  were  subjected  to  overtoppings.  An  additional  feature  was  the 
placement  of  an  airfield  landing  mat,  and  a  wire  wrapped  rockfill  zone  at  the 
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toe  of  the  weirs  to  provide  a  stilling  effect  to  prevent  erosion  at  the  toe  of 
the  slope  and  to  absorb  the  shock  of  the  abraded  material. 

5.4.3  Earth  Fill.  As  identified  as  a  possible  consequence  during  design, 
the  cofferdam  overtoppings  did  in  fact  result  in  a  loss  of  earth  fill 
materials  of  approximately  200,000  cubic  yards.  As  a  result,  earth  borrow 
materials  became  a  critical  supply  item  and  particularly  those  materials 
meeting  the  impervious  specification  requirements  of  liquid  limit  exceeding  20 
and  percent  fines  exceeding  60.  To  relieve  this  shortage,  the  random  and 
impervious  zones  were  combined  into  an  earth  fill  material  with  a  minimum 
liquid  limit  of  22  and  percent  fijies  of  at  least  35.  The  moisture  and 
compaction  controls  were  not  changed.  This  modification  resulted  in  the  use 
of  the  sandy  silty  clays  in  the  central  core  that  were  previously  excluded 
because  of  the  fines  restriction.  The  material  loss  also  required  the  use  of 
borrow  material  from  borrow  areas  A-2,  C,  Stricklin  Creek  and  Hunters  Creek 
that  had  not  been  anticipated. 
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6.  INSTRUMENTATION. 


6.1  Surface  Control  Monuments.  To  monitor  the  embankment  movements  a 
total  of  25  embankment  surface  control  monuments  and  8  abutment  control 
monuments  have  been  established.  The  location  of  the  monuments  are  shown  on 
Plate  19. 

During  construction,  monitoring  procedures  consisted  generally  of  surveying 
all  the  completed  monuments  at  the  time  a  new  line  of  monuments  were 
installed,  hence  readings  were  taken  as  follows: 


Date 

Embankment  C.L.  Elev. 

Remarks 

17  July  1974 

540 

Initial 

Line  4 

readings 

28  August  1974 

560 

Initial 

Line  3 

readings 

10  September  1974 

561 

Initial 

Line  1 

reading 

27  September  1974 

564 

10  December  1974 

586 

Initial 

Line  2 

readings 

6.2  Embankment  Movements.  The  data  through  27  September  1974  revealed 
minimal  movements;  however,  measurements  made  on  10  December  1974  indicated 
that  horizontal  movements  of  6  to  over  12  inches  upstream  had  occurred  between 
these  dates.  During  the  period  of  27  September  -  10  December  1974,  the 
embankment  had  been  raised  about  22  feet  in  height,  requiring  116,000 
approximately  cubic  yards  of  embankment  materials.  During  this  same  period  a 
total  of  15.21  inches  of  rain  fell  on  the  watershed  and  the  reservoir  rose 
above  elevation  475+/-  four  times  with  the  maximum  rise  to  about  elevation  490 
occurring  on  25  November  1974.  The  Resident  Office  advised  the  District 
Office  of  the  10  December  1974  readings  and  an  immediate  program  of  obtaining 
weekly  horizontal  and  monthly  vertical  readings  was  initiated.  Since 
monitoring  data  showed  that  subsequent  measured  changes  in  monument  location 
were  within  the  error  of  observation  of  the  survey  methods  (generally  0.1  to 
0.2  feet),  significant  additional  fill  movements  had  apparently  not  occurred 
by  March  1975.  Four  temporary  monuments  were  also  located  upstream  of  surface 
monument  line  1  on  18  December  1974.  These  temporary  monuments  have  shown 
virtually  no  movement.  Some  bulging  of  the  upstream  slope  is  apparent  in  the 
vicinity  of  the  line  of  temporary  monuments;  however,  field  personnel  reported 
that  this  is  due  to  a  construction  slope  correction  and  had  been  evident  prior 
to  July  1974.  Temporary  iron  pins  were  driven  on  18  December  1974  along  the 
dam  axis  to  monitor  vertical  movements  of  the  maximum  dam  section.  The 
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maximum  settlement  of  0,15  feet  (station  28+04  and  30+01),  in  the  same  area 
where  the  large  horizontal  movements  occurred,  was  measured  5  February  1975. 
Detailed  information  is  contained  in  the  report  "Gillham  Dam,  Report  of 
Embankment  Slope  Movements,"  by  Tulsa  District,  dated  March  1975. 

6.3  Hypothesis  of  Movements.  Several  hypotheses  as  to  the  reasons  for 
the  movements  have  been  drawn,  among  these  are:  point  crushing  and  quarry 
dust  removal  due  to  wetting  of  the  embankment  and  lateral  spreading. 

6,4  Conclusion.  It  appears  that  the  construction  phase  movements  at 
Gillham  Dam  were  not  caused  by  a  design  or  construction  deficiency,  but  are  a 
result  of  several  phenomena  that  occur  naturally  in  all  earth  and  earth-rock 
dams  to  some  degree.  Lateral  spreading  and  slope  material  rearrangement  were 
both  very  likely  contributors  to  the  movements  that  occurred  at  the  Gillham 
Dam.  The  lack  of  sufficient  monitoring  data  to  determine  the  chronology  of 
the  movements  was  significant  in  that  there  is  no  definitive  way  of  directly 
correlating  or  excluding  physical  events  such  as  rainfall  and  pool  rises  as 
potential  catalysts. 

6.5  Post-Construction  Embankment  Movements.  Periodic  inspections 
through  No.  5  in  March  1985  reported  the  embankment  to  be  in  excellent 
condition  with  no  significant  changes  between  inspections  in  1979,  1983  and 
1985.  Maximum  measured  embankment  settlement  from  initial  survey  December  1974 
through  August  1984  has  been  approximately  1.2  feet  (near  Sta.  27+00  and  Sta. 
33+00).  This  value  is  less  than  the  overbuild  of  2  feet. 

Minor  seepage  only  has  occurred,  and  was  attributed  to  discharge  from  the 
outlet  woms  (Periodic  Inspection  Report  No.  3). 


APPENDIX  A 


TABLES 


SUMMARY  OF  BORROW  SOILS  -  CHARACTERISTICS  AND  ESTIMATED  QUANTITIES 


TABLE  2 


PHYSICAL  TESTS  ON  QUARRY  SANDSTONE 


Test  :  Test  result 


Bulk  specific  gravity,  SSD 

2.63 

Unit  weight,  p.c.f. 

164.1 

Absorption,  percent 

0.8 

Soundness,  percent  loss 

Mg  S04,  5  cycles 

1.1 

Freeze-thaw,  25  cycles 

1.1 

Abrasion,  L.A.,  percent  loss 

A  grading 

22.1 

B  grading 

15.4 
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B-1 


B-1 


B-2 


B-2 


B-3 


B-3 


B-4 


B-4 


B-5 


B-5 


B-6 


B-6 


B-7 


B-7 


B-8 


B-8 


Photo  No.  and  Description 


Photo  No.  1.  Slide  area  from  Sta.  23+90  to  24+90,  D/S  of 
centerline,  as  viewed  from  Sta.  23+00. 

Photo  No.  2.  View  of  the  upper  end  of  the  slide  looking  D/S  from 
Sta.  24+00.  Judy  Company  (grouting  subcontractor)  is  removing 
water  and  air  lines. 

Photo  No.  3.  A  view  of  the  slide  looking  down  station  from  Sta. 
24+00. 

Photo  No.  4.  The  slide  area  as  viewed  form  Sta.  27+00  looking 
uphill . 

Photo  No.  5.  The  silde  area  tfter  removal  of  loose  material  as 
viewed  from  STa.  23-r50. 

Photo  No.  6.  Overall  view  of  the  foundation  across  the  valley 
floor  as  seen  from  the  outlet  tower. 

Photo  No.  7.  A  view  of  the  cut-off  trench  (C.O.T.)  above  Sta. 
25H-20.  Note  grout  pipes  along  centerline. 

Photo  No.  8.  An  overall  view  of  the  right  abutment  along 
centerline.  The  fill  crosses  centerline  at  Sta.  26+50(+/-). 

Photo  No.  9.  Overall  view  of  the  right  abutment.  The  strip  of 
clean  foundation  occurs  at  Sta.  27+50  to  27+70. 

Photo  No.  10.  View  SW  along  a  minor  fault  which  crosses 
centerline  at  approx.  Sta.  28+40. 

Photo  No.  11.  Foundation  under  random  and  impervious  zones  form 
Sta.  30+50  to  31+80  as  seen  from  upstream  toe  of  the  random  zone 
at  Sta.  31+80. 

Photo  No.  12.  View  of  the  foundation  from  STa.  28+60  to  30+50 
along  centerline  as  seen  from  Sta.  27+00. 

Photo  No,  13,  Foundation  under  impervious  zone  from  Sta.  33+30 
to  33+75  on  left  abutment. 

Photo  No,  14.  Foundation  under  Impervious  and  U/S  random  zones 
at  Sta.  34+40,  Note  shale-sandstone  contact. 

Photo  No.  15.  Foundation  under  impervious  and  U/S  random  zones 
at  Sta.  35+60  to  36+00.  Note  extent  to  which  the  U/S  face  has 
been  removed. 

Photo  No.  16.  Foundation  under  D/S  random  zone  from  Sta.  35+50 
to  35+70. 


B-9  Photo  No.  17.  Foundation  under  the  impervious  zone  from  Sta, 

34+40  to  38+65.  Note  the  evidence  of  presplitting  on  the  U/S 
(left  Hand)  face. 

B-9  Photo  No.  18.  Grout  pump  used  on  this  contract.  Mixing  tank  is 

being  charged.  The  mixed  grout  is  emptied  into  the  holding  tank 
to  be  pumped  into  the  grout  holes. 

B-10  Photo  No.  19.  Open  fracture  at  Sta.  25+30  as  seen  looking  D/S 

from  centerline. 

B-10  Photo  No.  20.  Open  fracture  at  Sta.  25+30  as  seen  from 

centerline  loock  U/S. 

B-11  Photo  No.  21.  Placing  ready-mixed  sand  grout  in  holes  drilled 

U/S  of  C.O.T.  to  intersect  open  fracture  at  Sta.  25+30. 

B-11  Photo  No.  22.  View  of  grout  holes  U/S  of  C.O.T.  at  Sta.  25+30  as 

seen  looking  U/S  along  strike  of  the  fracture. 

B-12  Photo  No.  23.  D/S  portion  of  the  open  fracture  at  Sta.  25+30 

prior  to  backfill  with  concrete. 

B-12  Photo  No.  24.  Extreme  D/S  end  of  the  fracture  at  the  D/S  toe  of 

the  random  zone. 

B-12  Photo  No.  25.  Open  fracture  at  STa.  25+30  being  backfilled  with 

concrete. 

B-13  Photo  No.  26.  D/S  half  of  the  step  face  at  Sta.  25+80(+/-)  prior 

to  placing  concrete  to  eliminate  the  overhang. 

B-13  Photo  No.  27.  U/S  half  of  the  step  face  at  Sta.  25+80(+/-)  priot 

to  placing  concrete  to  eliminate  the  overhang. 

B-14  Photo  No.  28.  Large  open  fracture  at  Sta.  26+40  to  26+60 

partially  filled  with  grout.  Openings  below  and  to  the  left  and 
right  of  the  hard  hat  extend  into  the  U/S  face  for  an  unknown 
distance. 

B-14  Photo  No.  29.  Large  open  fracture  at  Sta.  26+40  to  26+60 

partially  filled  with  grout.  An  opening  to  the  right  of  the  hard 
hat  extends  into  the  D/S  face  for  am  unknown  distance.  In  the 
lower  right-hand  corner  of  the  photograph  a  coke  can  plugs  core 
Hole  #37  at  elevation  484.  Note  grout  pipes  in  foreground  to  be 
installed  in  openings  prior  to  backfilling  with  concrete. 

B-15  Photo  No.  30.  Placing  foundation  protection  concrete  at  Sta. 

26+40  to  26+60  the  temporary  form  was  used  to  aid  in  running 
concrete  into  the  opening  in  the  face. 

B-15  Photo  No.  31.  A  partially  grout-filled  fracture  at  Sta.  26+40. 

This  is  the  D/S  extension  of  the  large  fracture  at  Sta.  26+40  to 
26+60.  Clean  up  prior  to  backfilling  with  concrete. 

B-16  Photo  No.  32.  This  photograph  shows  the  upstream  extension  of 

the  fracture  at  Sta.  26+40  to  26+60.  Note  the  concrete  (placed 
7-2-73)  plug  in  the  background. 

B-16  Photo  No.  33.  This  view  (looking  U/S  from  centerline)  of  the 

fracture  at  Sta.  26+40  to  26+60  shows  partial  filling  with  grout 
at  the  lower  right.  This  area  was  backfilled  with  concrete. 
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Photo  No.  34.  Clean-up  prior  to  application  of  "Gunlte"  to  D/S 
face  of  C.O.T.  in  left  abutment.  Note  gunite  machine  mounted  on 
the  flatbed  trailer. 

Photo  No.  35.  "Gunite"  being  applied  to  D/S  face  of  C.O.T.  in 
left  abutment. 

Photo  No.  36.  "Gunlted"  D/S  face  and  step  face  at  Sta.  26+90  to 
27+10(+/-). 

Photo  No.  37.  A  small  protable  mixer  was  used  to  produce 
concrete  to  eliminate  small  overhangs.  This  photo  was  taken  at 
Sta.  26+40(+/-)  D/S  of  centerline. 

Photo  No.  38.  Sand  grout  is  being  mixed  by  hand  to  backfill  a 
small  crack  extending  D/S  from  the  previously  concreted  area  at 
26+50(+/-).  The  concrete  plug  lies  under  the  broom  at  the  right 
edge  of  the  photo. 

Photo  No.  39.  A  view  within  the  right  abutment  of  the  fracture 
35'  U/S  of  centerline. 

Photo  No.  40.  A  view  within  the  right  abutment  of  the  fracture 
55'  U/S  of  centerline. 

Photo  No.  41.  Foundation  along  centerline  at  Sta.  25+50  to 
25+70.  Note  three  lines  of  grout  holes  in  this  area. 

Photo  No.  42.  Foundation  from  Sta.  25+50  to  25+70  as  seen  from  a 
point  40  feet  D/S.  The  open  fracture  at  left  is  to  be  backfilled 
with  concrete. 
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Photo.  No.  6 


Overall  view  of  the  foundation  across  the  valley  floor  as  seen 
from  the  outlet  tower. 
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>f  zhe  foundEcion  froir.  Sta  28-i-60  to  30+50  along  centerline 
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Foundation  under  impervious  zone  from  Sea  33-r30  to  33-r75  or.  left 
abutment. 


Foundation  under  impervious  and  U/S  random  zones  at  Sta  34440.  Note 
.shale-sandstone  contact. 
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Photo.  No.  16 


Foundation  under  D/S  random  zone  from  Sta  35+50  to  35+70 
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Photo.  No.  22 
View  of  grout  holes  U/S  of  ^.r  oti  2;--t-3C  as 

along  strike  of  the  fracture. 


seen  looking  U/S 


Phoco.  No.  27 

U/S  half  of  the  step  face  at  Sta  25+80+  prior  to  placing  concrete 
to  eliminate  the  overhang. 


Photo.  No.  29 


.^args  opers 
An  opening 
ar.  unknovrr. 
a  coke  can 
ground  to 


fracture  at  Sea  26-f40  to  26-r6C  partially  filled  with  grout, 
tc  the  right  of  the  hard  hat  extends  into  the  D/S  face  far 
distance,  in  the  lower  right-hand  corner  of  the  photograph 
plugs  core  Hole  f-37  at  eiev.  484.  Note  grout  pipes  in  fore- 
oe  installed  in  openings  prior  tc  backfilling  with  concrete. 
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Pnoto. 

No 

32 

This  paotograph  shows  the  upstrearr.  extension  of  the  fracture  at 
Sta  26-fiO  to  26-f60.  Note  the  concrete  (placed  7-2-73)  piuc  in  the 
oackgrounc.  •  .  -  -  • 
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Photo.  No.  33 

This  viev:  (looking  U/S  from  centerline)  of  the  fracture  at  Sta  26+40 
to  26+60  shows  partial  filling  with  grout  at  the  lower  right.  This 
area  was  backfilled  with  concrete. 


"GuniCed"  D/S  face  and  step  face  at  Sta  26-r90  to  27-rl0+. 


Photo.  No.  37 


A  small  portable  mixer  was  used  to  produce  concrete  to  eliminate 
small  overhangs.  This  photo  was  taken  at  Sta  25  +40+  D/S  of 
centerline. 
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EXHIBIT  A 


(APPENDIX  II) 


TEST  EbiBANKMENT  REPORT 
Gillharo  Dam,  Tulsa  District 

1.  General.  The  purpose  of  Che  test  fill  program  was  to  develop 
engineering  data  to  be  used  in  preparing  plans  and  specifications  for 
construction  of  Gillham  Dam,  Cossatot  River,  Arkansas.  The  primary 
objectives  were  as  follows: 

a.  Size  and  gradation  of  rock-fill  material  obtainable  from  the 
test  quarry  by  varying  blast-hole  patterns  and  dimensions 
and  by  varying  quantity  and  types  of  explosives. 

b.  Compaction  of  weathered  and  unweathered  rock-fill  materials 
by  two  different  types  of  rollers  (vibratory  and  pneumatic) 
using  lifts  of  varying  thickness. 

c.  Breakage  and/or  degradation  of  the  rock-fill  material  due  to 
rolling . 

The  test  fill  program  consisted  of  one  large  rock-fill  section  having 
seven  test  panels  or  lanes  (Nos.  1,  2,  3,  3A,  4,  5,  and  6).  Construction 
began  on  19  June  1964  and  was  completed  on  7  August  1964.  Supervision 
for  the  project  was  furnished  by  Che  Construction  Division,  with  technical 
assistance  provided  by  the  Engineering  Division,  Tulsa  District.  The 
information  contained  herein  was  largely  taken  from  the  Test  Embank¬ 
ment  Report,  Gillham  Dam,  August  1964,  and  supplementary  memoranda 
furnished  by  the  Tulsa  District. 

2.  Rock  Type.  The  Gillham  test  fill  consisted  of  two  types  of  rock: 
weathered  sandstone  and  fresh  sandstone.  The  weathered  sandstone, 
distinguishable  by  its  iron-stain  color  w^*’  hard,  dense,  quartzicic,  fine 
grained,  and  sxighcly  fractured.  The  weathering  consisted  of  leaching 
and  iron  staining  concentrated  along  bedding  planes  and  joints.  Blast 
fractures  across  the  bedding  and  joint  patterns  revealed  fresh  blue-gray 


sandstone  that  was  very  hard  and  dense  in  the  center  of  individual  blocks. 
After  blasting,  the  weathered  material  had  angular  particle  shapes  with 
about  10  percent  of  the  rock  degraded  to  sand  sizes.  The  fresh  or 
unweathered  sandstone  was  very  hard,  brittle,  and  blue-gray  in  color.  It 
appeared  to  be  mildly  metamorphosed  with  characteristics  of  quartzite. 
Scattered  hairline  fractures  up  to  1/8  in.  wide  were  noted  throughout  this 
material.  All  of  these  fractures  were  tight  to  well  healed  with 
secondary  quartz  mineralization.  •  Maximum  rock  sizes  used  in  the  test 
fill  are  given  in  table  1. 

3 .  Description  of  test  fill. 

a.  The  test  fill  was  constructed  on  a  leveled  area  approximately 
1600  ft  northwest  of  the  test  quarry  site.  Preceding  fill  placement, 
about  4  ft  of  badly  weathered  shale  was  removed  to  expose  a  firm  shale 
suitable  as  a  foundation.  Settlement  plates  were  not  installed  at  the 
foundation  level. 

b.  The  test  fill  consisted  of  seven  sections  or  panels,  as  shown 
in  fig.  1.  Each  panel  was  18  by  50  ft,  with  24-  to  27-ft-wide  (at  com¬ 
pletion)  transition  zones  between  panels.  A  IV  on  lOH  slope,  serving 
as  a  ramp  for  the  construction  and  compaction  equipment,  was  provided 
on  either  side  of  the  embankment.  Panel  3A  was  added  on  the  end  of  the 
fill  (see  fig.  1)  after  construction  was  underway  to  supplement  erratic 
data  obtained  from  panel  3.  Rock  type,  maximum  rock  size,  loose  life 
thickness,  number  of  lifts,  compaction  equipment,  and  number  of  passes 
for  the  seven  test  panels  are  given  in  table  1. 

4 .  Construction. 

a.  Descriptions  of  excavation,  hauling,  and  compaction  equipment 


2 


are  given  in  Cable  2.  Rear-dump  hauling  units,  loaded  at  the  test  quarry 
by  power  shovel,  transported  the  rock  directly  to  the  test  fill  (no  stock¬ 
piling  was  allowed)  and  dymped  it  at  the  leading  edge  of  the  advancing  loose 
lift.  Spreading  to  the  desired  loose  lift  thickness  was  then  accomplished 
by  a  D-8  bulldozer.  Oversize  rock  was  controlled  in  the  quarry  by  selective 
loading.  Any  oversize  material  reaching  the  test  embankment  was  wasted 
during  spreading.  The  shale  content  of  the  material  was  kept  to  a  minimum 
by  selective  removal  where  possible.  However,  much  interbedding  of  shale 
in  the  sandstone  was  encountered,  and  selective  removal  was  not  always 
feesiule.  Material  for  Che  last  three  lifts  of  panel  5  and  all  of  panel  6 
was  passed  through  a  screen  to  remove  Che  minus  b-in.  fraction.  All 
other  material  was  quarry-run. 

b.  After  spreading,  each  lift  was  smoothed  by  one  pass  of  the  Bros 
Monel  VF-20D  10-ton  vibratory  roller  with  the  vibratory  unit  off  or  by 
one  pass  of  the  Ferguson  50-ton  pneumatic  roller,  depending  upon  the 
specified  method  of  compaction  for  that  lift.  A  6-ft  grid  pattern  was  then 
laid  out  on  the  ai..ooched  lift  surface  from  reference  points  beyond  the 
test  zone  limits  and  subsequently  marked  with  spray  paint  for  easy 
Identification.  Initial  level  readings  were  taken  on  these  points  to 
establish  the  loose  lift  thickness  (by  comparing  the  new  readings  with- 
the  final  readings  on  the  underlying  foundation  or  compacted  lift) .  Com¬ 
paction  was  then  begun  using  either  the  vibratory  or  pneumatic  roller, 
both  towed  by  a  D-7  bulldozer  at  speeds  of  1  to  1-1/2  mph.  The  roller 
was  towed  over  the  test  panels  in  alternate  directions.  Each  lift  was 
subjected  to  a  total  of  eight  passes  by  the  roller,  with  level  readings  to 
measure  sc:tr'lemenr  taken  after  every  two  passes. 
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Table 


*  Based  on  a  specific  gravity  of  2.61  ^ 

**  Last  three  lifts  had  all  minus  3-in.  material  removed 


Table  2 

Construction  Equipment,  Gillham  Test  Fill 


Item 

Function 

Description 

Power  shovel 

Loading 

Lima  Model  604,  1-1/2-cu  yd 
bucket  capacity 

Trucks  (3) 

Hauling 

Euclid  Model  R-15,  rear  dump  (2) 
Euclid  Model  91-FD,  rear  dump  (1) 

Tractor 

Spreading 

Caterpillar  D-8  with  dozer  blade 

Tractor 

Towing 

Caterpillar  D-7  with  dozer  blade 

Compactors  (2) 

Compacting 

Bros  Model  VP-20D,  10-ton, 
vibratory 

Ferguson  50-ton  pneumatic 

Separator 

Rock  separation 

3-in.  screen  with  a  wobble-type 
feeder  adjusted  to  3-1/4-in.  open¬ 
ings  and  equipped  with  a  belt-loader 

Tests  and  measurements. 


a.  Procedures. 

(1)  Settlement  measurements.  Measurements  of  settlement  were 
the  primary  means  of  assessing  compactive  effort.  The  grid 
marked  on  the  surface  of  each  lift  to"  delineate  the  24  points 
of  settlement  measurement  is  shown  in_ fig.  2.  Initial  level 
readings  were  taken  as  discussed  above.  An  average  elevation 
at  each  point  of  the  grid  was  obtained  by  placing  the  level 
rod  in  the  center  of  a  12-  by  12-  by  1/2  in.  steel  plate 
positioned  over  the  grid  point. 

(2)  Density  tests.  Field  density  tests  were  made  at  the  con¬ 
clusion  of  construction  in  the  top  lifts  of  panels  3,  3A,  4,  5, 
and  6.  The  tests  were  performed  by  excavating  through  the 

top  lift  of  the  panel  from  within  a  6-  by  6-ft  wooden  guide 
frame  placed  on  the  surface.  Excavation  of  the  hole  was  by 
hand  labor,  with  each  of  the  larger  rocks  being  weighed 
individually  and  the  smaller  particles  in  groups.  An  exten¬ 
sive  number  of  tape  measurements  were  made  of  the  finished 
pit  and  averaged  in  an  effort  to  obtain  accurate  dimensions 
from  which  to  compute  the  volume  of  the  hole. 

(3)  Mechanical  analyses.  Gradation  tests  vere  run  on  the 
material  excavated  from  the  density  test  pits  in  panels  3,  3A, 
4,  5,  and  6.  These  analyses  established  the  after-compaction 
gradations  for  the  top  lifts  of  those  five  panels.  These 
tests  were  run  by  first  weighing  the  total  sample,  then  group¬ 
ing  the  rocks  into  weight  ranges,  and  finally  computing  the 
percent  of  the  total  sample  represented  by  each  weight  range. 
The  percent  smaller  than  3  in.  was  determined  by  actually 
sieving  the  finer  fraction  over  a  3-in.  sieve. 

(4)  Inspection  trench.  After  completion  of  all  panels  of  the  test 
fill,  an  inspection  trench  was  excavated  with  the  D-8  bull¬ 
dozer.  The  trench,  which  had  a  base  width  of  14  ft,  exposed 
all  lifts  of  all  panels  in  the  embankment.  The  inspection  . 
trench  permitted  visual  assessment  of  the  compaction 
characteristics  of  the  fill. 

b.  Results 

(1)  Settlement  measurements.  Figures  3  through  7  show  the 

percent  settlement  of  each  lift  of  panels  1,  2,  3,  3A,  and  4 
which  were  constructed  of  quarry-run  weathered  rock.  The 
average  settlement  of  each  of  these  panels  is  shown  in  the 
respective  figures  and  in  the  plot  of  fig.  8.  Figures  9  and 
10  present  the  lift  settlement  data  for  panels  5  and  6,  which 
were  composed  of  plus  3-ln.  grizzled  fresh  rock  except  for 
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lifts  1,  2,  and  3  of  panel  5,  which  contained  quarry-run 
fresh  rock.  The  average  settlement  curves  for  panels  5  and 
6  are  also  shown  in  figs.  9  and  10  and  plotted  separately  in 
fig.  11.  The  immediately  noticeable  aspect  of  the  settlement 
data  for  the  panels  constructed  of  weathered  rock  (panels  1, 

2,  3,  3A,  and  4)  is  the  erratic  data  for  several  of  the  lifts. 
The  measurement  data  for  panels  compacted  with  the  50-ton 
pneumatic  roller  (3,  3A,  and  4)  were  less  consistent  than 
those  for  panels  rolled  with  the  vibratory  unit,  which  might 
be  expected  because  of  the  much  smoother  surface  left  by 
the  vibratory  roller.  Further  examination  reveals  that  the 
most  variable  results  were  for  the, .12- in.._.li.ftjs, .regardless.  . 
of  the  compaction  equipment  used.  The  erratic  nature  of 
the  settlement  data  from  the  12-in.  lifts  of  panels  1,  3,.  and 
3A  probably  resulted  from  erroneous  settlement  readings  or 
the  presence  of  oversize  rock.  The  data  (see  fig.  8)  indi¬ 
cate,  however,  that  slightly  better  compaction  was  obtained 
with  12-in.  lifts  of  weathered  sandstone,  and  that  four  passes 
of  either  type  roller  produced  most  of  the  settlement  achieved 
by  eight  passes  for  this  lift  thickness.  The  settlement  plots 
for  panels  5  and  6  (fresh  sandstone),  shown  in  figs.  9  and 
10,  are  much  less  variable  than  those  for  the  other  panels. 

The  data  in  figs,  9  and  10  indicate  that  the  plus  3-in. 
material  has  superior  compaction  characteristi'cs  than  did  the 
quarry-run  material.  Comparison  of  figs." 9  and  10  indicates 
that  the  use  of  18-in.  lifts  resulted  in  more  efficient  compac¬ 
tion  than  did  the  use  of  36-in.  lifts.  Figure  10  shows  that  the 
rate  of  settlement  for  the  36-in.  material  had  not  decreased 
even  after  eight  passes  of  the  roller,  and  only  9  percent 
settlement  was  attained  at  that  point.  By  comparison, 
fig.  9  shows  that  the  same  material  in  18-in.  lifts  reached 
14  percent  settlement  after  six  passes  with  a  marked  de¬ 
crease  in  the  rate  of  settlement  beyond  six  passes. 

(2)  Density  tests.  The  results  of  density  tests  made  in  panels  3, 
3A,  4,  5,  and  6  are  summarized  in  table  3,  It  was  observed 
during  the  density  tests  taken  in  panels  5  and  6  that  the  rock- 
to-rock  contact  produced  by  the  vibratory  roller  resulted  in 

an  unusually  high  degree  of  stability.  Considerable  pick  work 
was  required  to  loosen  the  rock  for  excavation.  The  vertical 
sidewalls  of  the  pits  had  no  tendency  to  slide  or  slough,  but 
were  tight  and  stable. 

(3)  Mechanical  analyses.  After-compaction  gradation  tests 
were  performed  on  the  material  taker,  from  the  density  Lebts 
in  panels  3,  3A,  4,  5,  and  6,  The  after-compaction  curves 
for  material  in  panels  3,  3A,  and  4  are  shown  in  fig.  12. 

Since  there  were  no  before-compaction  data  for  these  panels, 
no  assessment  of  particle  breakage  can  be  made.  The  grada¬ 
tion  curves  resulting  from  tests  in  panels  5  and  6  are  given 
in  figs.  13  and  14,  respectively.  Also  shown  in  figs.  13  and 

9 


PERCENT  settlement  ^  PERCENT  SETTLEMENT 


ROLLER  PASSES 


A\/£flA6£  1 

CEXCLUO/M!  Lirrs 3,  6 

,AW 

- - -  '  " 

WeATHEREO  SANDSTONE 


12-lN.  LIFTS 

lo-TON  vibratory  roller 


n  PERCENT  OF  actual  LOOSE  LIFT  THICKNESS 


Percent  settlement  vs  roller  passes,  panel  1,  Gillham 
test  fill 


ROLLER  PASSES 


Ai'£flAC£ 


WEATHEREO  SANDSTONE 


24-IN.  LIFTS 

lO-TON  VIBRATORY  ROLLER 


K  PERCENT  OF  ACTUAL  LOOSE  LIFT  THICKNESS 


Percent  settlement  vs  roller  passes,  panel  2,  Gillham 
test  fill 


ROLLER  PASSES 
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Fig, 5  .  Percent  settlement  vs  roller  passes,  panel  3,  Gillham  teat 

fill 

\  * 
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ROULER  PASSES 


Fig. 6  .  Percent  settlement  vs  roller  passes,  panel  3A, 
•  •  Gillham  test  fill 
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PERCENT  settlement  OR  HEAVE^  PERCENT  SETTLEMENT 


ROLLER  PASSES 


Fig.  7.  Percent  settlement  vs  roller  passes,  panel  4, 
Gillham  test  fill 


ROLLER  PASSES 


Fig.  8 


Average  percent  settlement  vs  roller  passes, 
panels  1,  2,  3,  3A,  and  4,  Gillham  test  fill 
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note;  lifts  1,2,  ano  3  constructed  of  quarry-run  fresh  rock. 

LIFTS  4,5,  ANO  6  CONSTRUCTED  OF  PLUS  3-IN.  FRESH  ROLK. 

Fig,  9  .  Percent  settlement  vs  roller  passes,  panel  5 
Gillhara  test  fill 


Fig,  10.  Percent  settlement  vs  roller  passes,  panel  6, 
Gillham  test  fill 
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PERCENT  SETTLEMENT* 


ROLLER  PASSES 


Fig.  11.  Average  percent  settlement  vs  roller  passes 
panels  5  and  6,  Gillham  test  fill 


Tables 

Results  of  Density  Tests  After  Compaction 


Panel 

No. 

Lift 

Thickness 

in. 

Material’!' 

Roller 

In  Situ 
Density 
pcf 

Porosity 

% 

3 

12 

Weathered  sai.dstone 

Pneumatic 

135 

17 

3A 

12 

Weathered  sandstone 

Pneumatic 

123 

21 

4 

24 

Weathered  sandstone 

Pneumatic 

137 

16 

5 

18 

Fresh  sandstone 

Vibratory 

91 

43 

•  5 

18 

Fresh  sandstone 

Vibratory 

83 

48 

6 

36 

Fresh  sandstone 

Vibratory 

104 

36 

*  All  weathered  sandstone  was  quarry- run;  all  fresh  sandstone  was 
plus  3-in.  material. 
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STANDARD  SIEVE  OPENING  IN  INCHES  U.S.  ST,'J^:DAr.0  SIEVE  NUMDERS  HYORO/AETER 


FiR.  13.  Before-  and  after-compaction  gradation  curves,  panel  5,  Gillham 


CUBIC  DIMENSIONS.  IN 


PERCENT  smaller  by  WESg 
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14  is  the  curve  for  the  quarry-run  fresh  rock  after  processing 
over  a  wobbler  grizzly  with  3-1/4-in.  screen  openings.  The 
curves  representing  the  material  before  placement  and  com¬ 
paction  were  derived  from  the  processed  quarry-run  data  by 
correcting  to  the  maximum  size  rock  present  in  the  after¬ 
compaction  gradations.  It  is  seen  from  figs.  13  and  14  that 
significant  degradation  occurred  under  the  act-ion-of  the 
vibratory  roller.  Field  personnel  noted  that  85  percent  or 
more  of  the  larger  size  rock  chunks  were  broken  at..least 
once  by  the  vibratory  compactor. 

(4)  Inspection  trench.  Visual  examination  of  the'Tnsp action 

trench  confirmed  the  tightness  and  unusually  high  degree  of 
stability  of  all  compacted  material.  No"  m'ehtioh  was' made  of 
any  segregated  or  stratified  zones  or  that  any  evidence  of 
poor  bonding  between  lifts  was  found.  Two- -views- of- the  in¬ 
spection  trench  are  shown  in  the  photographs  in  fig.  15. 

6.  Discussion. 

a.  As  mentioned  earlier,  the  settlement  data  indicated  more 
settlement  was  obtained  using  the  plus  3-in.  fraction  father  than  the 
entire  (quarry  run)  portion  of  the  fresh  sandstone.  This  also  occurred 
at  the  Laurel  Dam  test  fill,  and,  although  no  mention  was  made  by  the 
district  about  stratification  and  excess  surface  breakage,  it  is  probable 
that  the  cause  was  not  only  that  there  were  more  open  voids  in  the  plus 
3-in.  material  to  begin  with,  but  that  a  dense  layer  of  surface  fines 
formed  in  the  quarry-run  material,  which  reduced  the  compaction  ob¬ 
tained  in  the  lower  part  of  the  lift. 

b.  The  results  of  the  density  tests  on  the  fresh  sandstone  fill 
material  (91,  83,  and  104  pcf)  seem  low,  especially  in  view  of  both  the 
description  given  of  the  density  pit  sidewalls  (see  para  5b  (2)  and  the 
settlement  data.  All  things  considered,  one  would  tend  to  suspect  the 
accuracy  of  the  density  tests.  Large-volume  density  tests  are  themselves 
crude,  even  when  the  best  possible  procedures  are  used.  In  these  tests. 


pit  volume  was  determined  by  geometric  measurements  which  is  not  desirable 
for  a  rock-fill  material.  Computations  of  volume  made  from  rule  or  tape 
measurements  usually  fall  to  account  for  protruding  rocks,  cavities,  and 

unsymmetrical  pit  shapes.  It  should  be  recognized,  however,  that  it  is 

possible  to  obtain  a  very  stable,  free-draining,  and  otherwise  desirable 
rock  fill  without  necessarily  achieving  a  correspondingly  high  density, 
c.  The  erratic  nature  of  some  of  the  settlement  data  indicates  the 

*  *  y*- 

problems  involved  in  taking  level  readings  on  a  rock-Fill  surface.  Often 
a  premarked  point  for  a  reading  will  consist  of  rock  that  has  rotated  under 
the  roller  action  rather  than  having  been  pushed  down,  and  thus  does  not 

reflect  the  average  elevation  of  the  surrounding  surface.  This  is  often 

true  in  the  case  of  compaction  by  rubber-tired  rollers  because  they  do  not 
tend  to  crush  the  surface  rock  as  does  a  vibratory  roller.  This  problem 
might  also  be  aggravated  by  the  use  of  thinner  lifts.  Some  inaccuracies 
could  also  be  caused  if  significant  settlement  is  still  occurring  in  under¬ 
lying  lifts  but  is  being  measured  as  occurring  in  the  lift  under  compaction. 
An  alternative  to  this  problem  would  be  to  plot  the  data  as  actual  settlement 
for  an  entire  panel  (as  long  as  all  lifts  in  the  panel  were  of  the  same 
thickness  and  material).  However,  if  settlement  by  lift  in  terms  of  percent 
of  initial  lift  thickness  is  desired,  the  preceding  lift  can  be  rolled 
until  no  significant  additional  settlement  is  observed. 
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SWDGL  REPORT  NO.  7491 


RESULTS  OF  TESTS  OF  BORROW  MATERIALS 
GILIRAM  DAM  ~  TULSA  DISTRICT’ 


CORPS  OF  ENGINEERS 
U.  S.  ARMY 

SOUTHWESTERN  DIVISION  LABORATORY 


DALLAS,  TEXAS 


f 


REQUEST  FOR  AND  RESULTS  OF  TESTS 

KCOUISI  fOK  IL')f 


I  i'Af.l  II'  I  'll'  '/■  l‘AI,l 

i _ L,.J  .  .IQ...  . 


i.»3outiwej9t;<im  Mviaioa  Laboratory  ; 

I  03  Anqy  Snsixmar  Mviaicmp  SoutbMstam  i 
Corps  of  Soglsioss's 
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J.  PRIME  CONTRACTOR  AND  ADDRESS 
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2.  (ROM.  ’  — - 

CWaf, 

Tbuntatioo  aad  MhUnriala  Braach 
Tulaa  Main  t 


4.  manufacturing  plant  name  and  address 


_ CONTRACT  NUMOER _ 

5.  END  ITEM  and/or  PROIECT 


_ I  P.  O.  NUMBER _ _ 

4.  SAMPLE  7.  LOT  NO  8.  REASON  FOR  SUBMITTAL 
NUMBER 


I  ?.  DATE 

SUOMI  I  If 


Qillhiign  T>an 


to.  MATERIAL  TO  BE 
TESTED 


I0«.  QUANTITY 
SUBMIIIEO 


11.  QUANTITY 
REPRESENTED 


12.  SPEC,  I  AMEND  AMD/OR  DRAWING  NO.  1  REV. 
FOR  SAMPLE  S  DATE 


— Barrow - '-1^ 

13.  PURCHASED  FRO.M  OR  SOURCE 


14.  SHIPA'.ENT  METHOD  IS.  DATE  SAMPLED  AND  SUBMIITEO  BV 


IS.  RE.MARKS  ANOOR  SPECIAL  INSTRUCTIONS  AND/OR  WAIVERS 


THE  ABOVE  MATERIAL  HAS  BEEN  RECEIVED 


TYPED  NAME  AND  TITLE 


I.  RESULTS 

□  ACCEPTABLE 

OTHER  (Siitn/.i 
5  TEST  PERFORMED, 


kM  T  5  0  r^«e  5  i  (C  ‘}ntin»t<  V'*  f  f>itf>\r  •/  W‘<u«  u  Ptifinr.,/ 

2.  OAfE  nTcO  i  3.  OAFk 

REPORTED 

n  fAUURE  JNOICATEO 

RESULTS  OF  TEST  SAMPft  RESULT 


4.  LAO  REPORT 
NUMBER 


REQUIREMENTS 


See  Teat 


and  Platea  1  «  3« 


4  SEND  REPORT  OF  TEST  TO 


/  THE  PRESCRIBED  TESTS  WERE  MADE  ON 


-- 2-4fov— 


_AND  THE  RESULTS  THEREOF  WERE  AS  SET  FORTH  I 


DATE 

/YP£0  NAME  AND  TITLE  Of  PERSON  CONDUCTING  TEST 

— ^7 - ttereifv* - 

SIGH  IRE 

K.  M,  COSK 
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REPLACES  OA  FOPMS  090  »031  AND 

I0»208  WHICH  ARE  OeSOLETK 
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RESULTS  OF  TESTS  OF  BORROW  SOIL 
GILIilAM  DAM  -  TULSA  DISTRICT 


CORPS  OF  ENOINEERS 
U.  S.  ARMY 

SOUTHWESTERN  DIVISION  LABORATORY 


DALLAS,  TEXAS 


REQUEST  FOR  AND  RESULTS  OF  TESTS 

REQUEST  FOR  TEST  i 


I  I.  To’i  _ 

"■^^buttweatem  Division  lAboiatory 

IS  Army  Engineer  Division,  Southwest e: 
Corps  of  Engineers 
4815  Cass  Street 
Dallas,  Texas  75235 


3.  PRIME  CONTRACTOR  AND  ADDRESS 

CONTRACT  NUMBER 

5.  END  ITEM  AND/OR  PROJECT 

4.  SAMPLE 

Gillham  Dam 

NUMBER 

OR  TEST  tU-?M~63-23  date<ia3 

2.  FROM) 

Chief,  TiM  Branch  •  r 

US  Aray  Engineer  District,  Tulsa 
Tulsa,  Oklahooia 


i.  MANUFACTURING  PLANT  NA/AB  AND  ADDRESS 


P.  O.  NUMBER 


10.  AAATERIAL  TO  BE 
TESTED 

Borrow 


lOi.  QUANTITY 
SUBMITTED 


n.  QUANTITY 
REPRESENTED 


12.  SPEC,  i  AMEND  AND/OR  DRAWING  .NO.  i  REV. 
FOR  SAMPLE  t  DATE 


Ten  Baga 


13.  PURCHASED  FROM  OR  SOURCE 


Holes  TPB-8  and  TBG-14 


14.  REMARKS  AND/OR  SPECIAL  INSTRUCTION!  AND/OR  WAIVERS 


U.  SHIPMENT  METHOD  15.  DATE  SA/.LPLED  AND  SUBMITTED  BY 

Qov't  Vehicle 


THE  ABOVE  MATESiAl  HAS  SEEN  SECelVEO 


TYPED  NAME  AND  TITLE  j 

signature 

A.  H,  FEESE,  Ensineer  i 

RESULTS  OF  TEST  (Concmbc  on  pUm  white  mote  rrautrrdt 

1.  RESULTS 

2.  DATE  REC'D 

3.  DATE  1 

REPORTED  1 

□  ACCEPTABLE 

G  failure  INDICATED 

29  July  63  ! 

Q  OTHER  (Sp«iFi) 

9  pfey  63 

<4.  IA8  REPORT 
NUMBER 


5.  TEST  PERFORMED, 


RESULTS  OF  TEST  SAMPLE  RESULT  REQUIREMENTS 

See  Test  Data  Sumnary  (2  sheets)  and  Plates  1  -  l6 


This  report  congiletes  requested  testing. 


4.  SEND  REPORT  OF  TEST  TO 

Tulsa  District  0. 


7.  THE  PRESCRIBED  TESTS  WERE  MADE  ON 


DATE  TYPED  NAME  AND  TITLE 

K,  M.  COEIN 
Engineer-in-Gharge 
29  July  63  SWD  Laboratory 


18  June  -  18  July  I96 


DATE 


ND  THE  RESULTS  THEREOF  WERE  AS  SET  FORTH 

herein. 
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f. 
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EB 
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EEEBBB 

BEEHB 
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EHIIEEIEEEII 


raiiiEiiiiiiiiiiiSiiiiiiiiiiiiiiiii 
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GRADATION  CURVES  i  j,  b.te  I  JWL68 
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3  IN.  $4- IN.  NO,4  NatO  NO  40  N0.200 


COMPACTION  TEST  REPORT 


TRIAXIAL  COMPRESSION  TEST  REPORT 


H 

X 


SIZE 


U  S.  STANDARD  SIEVE  SIZE 
IW.  -Z-M  MtMIS  M)«  N02(l) 


IvtM  I ) 


::  2089 


itiil  II 


Plate  No. 


Itlil  I  1  1  It 
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Plate  Ho.  '  ^ 
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SWDGL  REPORT  NO.  8473 
RESULTS  OF  TESTS  OF  ROCK, 


ROCK  FILL,  RIPRAP  AND  CONCRETE  AGGREGATE 


SWDGL  KEPORT  NO.  8473 


RESULTS  OF  TESTS  OF  ROCK 
ROCK  FILL,  RIPRAP  AND  CONCRETE  AGGREGATE 
GILINAM  DAN  -  TULSA  DISTRICT 


CORPS  OF  ENQIHEERS 
U.  S.  ARMY 

SOUTHWESTERN  DIVISION  LABORATORY 


DALLAS,  TEXAS 


REQUEST  FOR  AND  RESULTS  OF  TESTS 


PAG6  NO.  NO.  OP  PAGES 


dirlslofi  lAborstGry 

\M  Arwgr  laylaeor  SiYisloaj  ftMctlcsMWm 
Corps  of  laclaoors 
l»dIS  Com 

OoUm,  Tomm  75235 

3  PRIME  CONTRACTOR  ANO  ADDRESS 

CONTRACT  NUMBER 

5.  END  ITEM  AND/OR  PROJECT 

6.  SAMPLE 
NUMBER 

QilDitak*  OkM 

1 

REQUEST  FOR  TEST 


7.  PROMi 


]0.  MATERIAL  TO  BE 
TESTED 


to*  QUANTITY 
SUbMlTTtO 


Rook  Cor«  ftnd  I 

Ta  SOURCE 


ChlAfi 

UB  Axit^f  Matrictj^  ! 


4.  MANUFACTURING  PLANT  NAME  AND  ADDRESS 


?  O  NUMBER 


n.  QUANTITY 
REPRESENTED 


toe  QM  &s  rook 
fllX.riycnkp  «»d  ctcutc.  mgt 


12.  SPEC.  &  AMEND  ANO/OR  DRAWING  NO.  &  REV. 
FOR  SAMPLE  L  DATE 


9  DATE 

SUBMITTED 


U.  SHIPMENT  METHOD  {  15.  DATE  SAMPLED  AND  SUBMITTED  BY 


Oov't  ▼•bdcle 


16.  REAWRKS  ANO/OR  SPECIAL  INSTRUCTIONS  ANO/OR  WAIVERS 


The  ABOVE  material  has  been  received 


TYPED  NAME  ANO  IITIE 


RESULTS  OP  TEST  (Concmuc  on  plum  p.iper  «/  more  n  rriiiiif.Li) 


1  RESULTS 

□  ACCEPTABLE 

□  other 

□  fAllURE  INDICATED 

TEST  PERFORMED, 


RESULTS  OF  TEST 


SAMPLE  R^ULT 


REQUIREMENTS 


8c«  foIXovtag 


6  SEND  REPORT  OF  TEST  TO 

'?■  THE  PRESCR'SEO  TESTS  V/£R£  MADE  ON, 


DATE  TYPED  NAME  ANO  TITLi 


AND  THE  RESULTS  THEREOF  WERE  AS  SET  FORTH  ^ 


22  July  6'i  8WB  Laboratory 


DD.r.“..1222 


R^PV.ACC8  OA  POPMS  aRfl.  I6SI  ANO 
I0*20e  WHICH  APE  OBSOLETE 


_ SWBaL.S9fart.  !•.  8V73 


- 2S-July  1963 


cTs  Of  T««*t8  of  QWWT7  So«^,  I*av8s8ti^tlfi«  for  JEJil  HiUriaJi 

qilJUsaa  Itei  -  ¥oX««  Dlaiyrlc^  —  ■ 

_.  —  T-  -rjlL  JlfT.  J.lti-U. _ _ ^ 


1.  Rcforaoeo  ¥«flt  Eo^st  So.  dfttod  13  M&y  19^3  fr«a  tit« 

CMeif,  FoufidiLtiaas  «md  MutorlalA  Br&acb,  Tuloo  Dlotrlct. 

2.  Ttu  following  notorlolj  vcre  rcooivodi  9  Ho/  19^3i: 


SWT)  Fiold 


&«aQ>lo  lo. 

Material 

EoU 

■0. 

Depth,, jCeet  _ 

Quantity 

C-191(>5  A 

2-1/8“  Core,  Sandatooe 

t 

6 

88,5  to  89.5 

• 

B 

«» 

n 

98.0  to  98.7 

«e 

r% 

0 

n 

99 

102. r  to  TOS.l' 

- 

D 

m 

If 

152.0  to  153.0 

- 

S 

n 

Q 

• 

7 

94.6  to  95.6 

- 

- F  ~ 

H 

K 

131.4  to  132,8 

- 

0 

« 

B 

135.3  to  136.1 

U 

t» 

tf 

150,0  to  150,8 

«» 

I 

tl 

» 

178.8  to  173. 8 

«* 

J 

ft 

Q 

9 

95.9  to  96.6 

- 

K 

w 

N 

105.8  to  106.6 

«» 

L 

n 

M 

m.o  to  112.5 

- 

H 

2-1/8“  Core,  Simle 

Q 

«> 

7 

104,9  to  105,4 

- 

--  -  -j| - 

9f 

109.4'  to  109. 9» 

- 

Q-19166 

2-1/8"  Core,  Shale 

Q 

- 

10 

10.0  to  20,0 

75  lbs 

c -19767 

Quarry  Sands tone 

*D 

- 

_  4000  lbs 

*T*»t  requaot  liet«d  108.4.  -  109.4.  Tti*  Miopl*  Mceivcd  vau  mrkad  «»  siMvn. 


3.  Tb«  r«^ucst«d  tost*  ttove  b««Q  cdHplattd  aad  result*  nxsiaa^iX'&A 
aa  follcws: 

Result*  of  PtaytgioAl  Ta*t»  of  2-1/8“  Core  Tablo  1 

Results  of  Tests  of  Blpr«p  )4sterlAl  Table  2  ami  Plate  1 

4.  Tbs  saaspla  of  quarry  BAodstooe  i*  being  retained  for  additica»l  testa 
as  aigbt  lD*i  requested  by  Tulsa  District. 
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SVIXJL  Report  Ho,  8^+73 


TABLE  IfO.  2 


Qillbfta  Daa 


Besults  of  Testa  of  Stindstone  Ctmnk  Saaple 
8UD  Saople  Ko.  C-197o7 


Teats  Result* 


Spec  if  1 2  Gravity,  Bulk,  SSD  (erusoed  to  1**  -  3/3”)  2.63 

Unit  Weight,  Ibs/cu.ft.  (calculated  from  SSD  sp,  gr.)  l64,l 

Absorption,  ^  (cruahed  to  i"  -  3/8")  0,8 

Soundness,  ^  loes] 

MgSOh,  5  cycles,  2-1/2"  -  1-1/2"  fraction  1.1 

?)reexe-thav,  25  cycles,  2-1/2"  -  1-1/2"  fraction  1,1 

Abreuion,  L.A.,  loss 

"A"  grading  22.1 

"S"  grading  I5.4 


Descriptlont  Thic  sanqple  of  ledge  rock  consisted  of  quartzitic  SAHESTOHE,  gray, 
hard,  dense,  fine-grained,  veathcred  and  slightly  fractured.  Toe  veathering  con¬ 
sisted  of  leaching  and  ferxnjglnous  staining  to  a  depth  of  I/16"  to  3"/  located  on 
bedding  planes  and  fractures.  The  staining  appears  to  be  in  two  distinct  bands 
with  the  innerffiost  being  darker  and  oaxdar  due  to  It  being  a  non*  of  iron  concen¬ 
tration  from  the  lighter  leached  band  above  it;  this  tends  to  have  a  slight  case 
hardening  effect  on  the  rock.  These  bands  appear  on  alsost  all  chunks  of  any 
size  and  are  of  a  uniform  thickness  for  each  chunk,  although  acue  irregularity 
was  noted  in  the  thicker  bands.  The  fractu^’es  are  hairline  to  1/8",  tight  to 
well -healed  with  quartz.  A  osaaU  amount  of  talc-like  onterial  was  noted  on 
several  broken  fracture  planes.  Approximtely  9  percent  of  the  sasple  had 
chunks  with  lengths  greater  than  three  times  their  thickness.  The  naxlBam  size 
chunk  received  was  2.0  x  1.2  x  1,2,  and  the  average  size  vas  1.1  x  0.7  z  0.6. 
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DOWNSTREAM  SECTION 

NO  SCtLC 


‘  After  cof/ereon  No  2  hos  tttp  eomptetec  to  Ft  5290 
trt  B  t  te'r'pororf  rockfiH  (OvmpeOi  Perm  oiisiOe  tfe 
limits  Of  the  mom  emooptmepi  mo/  Oe  unro/to  o-'B 
vsrrj  IP  the  oo^sfrtom  rock  flit  ‘B*  iOPt  pronOeB  if 
comphes  with  the  totofieotiops  for  rock  fill  'B  * 


’  For  km/tf  of  Khpipi;  r^r  see  note  3 
of  topomg  mot  ptocemept  hotes 


Smgte  Kft' 
•'ft  tObne  - 


^Pemore  rock  'B’ptoce  UOA-t  topomf  mc’. 
Set  pccemeht  note  5.  one  rtpnce  rock  *6’ 


'Nv, 


^ivire  fopr/e  reromipff  eoOies 
T/piCet  for  eoCP  ro^  Of  foOriC 


eeofes  ore  to 
ter  to 

^e  iiil'ipp 
\mtni 

,ct  Wue  fabric 
f  then  be 


^:r?v  ;r~N> 


^  Smpte  to/er  wire  fobrK 
"See  Oetoit  V 


0  ovAy  coo*eu  secure  to  Pt  0  U  eourmePi 
(See  opcnor  cootes  oootmtp’  tie} 


y  /// 

M M  M  PtostK  mepiprope 

2’ Uesh.  No  n  go  chom  trA  foorK 
i  ^  i  u8A~i  Lopaipp  Plot 

this  DRAV/IHG  was  OfiiGitiALLT  PSirAREO 
POR  USE  AS  A  CONTRACT  DRAWING  AND 
WAS  REPRODUCED  FOR  USE  IN  THIS  REPORT 


t  ICT  I  0>Tt  »  Caoi»»W  I 


»tv>ve>.  •eiCrUno  »T  A  i 


‘irwe  (ocrK.fSee  Vav  Iootk  plocemmi 
POP  (k  seetKP}  for  oe  fails 


'‘2-to/ers  wee  foorie 


typical  03LIQUE  GF  WIRE  FABRIC  INSTALLATION 

NO  4C«X 


^•W«i  »i,  _ 

t,  _  fC.  .w 


0«'«MO  tT 


ettit^sutus  TmC  AAur  «|  M 

TW.S*  OST^Ct  CO»*S  J»  ChO-nCIAS  [JLHj 

GILLHAM  lake 

embankment 

WIRE  FABRIC  8  CABLE  INSTALLATION 

0C7AJLS 


W»M.nu>  InrtliTTO*  e*Cw34.  .» 

/?  llOU.il«>.. 

o^u  -U"  Ut.*^  IUU**<K,  msmtm 

OiTT  lijAV  "fK  ‘ 
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enefor 


CHAIN  LINK  FABRIC  ANCHOR  SYSTEM 


SECTION  C-C 

N5  !CA.t 


1,-1 


’  ^  ‘  *  7  J’Mff  •>tf> 
ttof  •fOSfit'  n/ 


»0 


^OTCS 

/  AH  fotntf  if!  cftotfi  bn»  fosoc  b  oe  ortfKpot^  o  /rwitrun 
pf  y  ortj  fie^  Of!  H* cwttn 

i  AH  wof*  ei>  /M  sf>tef  m/r  pf  pa^  foe  unOf<  Dta  ittm  r>o  ( 

3  Whett  / '  co>t  it  racoKO  on  ir*s  otffw*^,  ceoe  o'  mut  toot 
S3.0O0I0  unir^  intf<gf*  tmmt.  trcf  or  ys*^ 

4  Pr^of  to  /^t  fpng  et  ceP*ei  ena  tnttP.  *V  rCM'i  ttttnc/ng  ocrosi  ftte 
M  gn4  tr  **<0  i>opt  UbU  Of  pretef<4  to  rttno^  ttoct 

5  Numbff  of  tootf  etompt  vstO  ot  eocf>  otsooHPt  toot  mt/nOff  tifCrttat/ 
to  Ofrflop  ttc  fi/ft  vttrtgio  of  toe  ootte 


[~1 

Sl’Z 

it*<9MnO  It  W  > 

detail  "a* 


SUPERSEDED 


M  U  U,  S  AftMT  CSCInCCR  OISTAICT.  TULSA  W 

iLmT!  corps  or  tNOiHCtftS  *m 

TULSiL  OKUKOMA  V*! 

DlMAtD  It 

•(»  •rti*  Mifftwi  exuttt  •'.f* 

gillham  lake  *  .  ■  '  • 
f  /«  ’ 

EMaANKWENT 

cable  anchorages, 

.  C’c* 

CCTAJtS  *• 

.  t 

DA«Wl«  at 

/  ^ 

CKtcxca  IT 
/}-.!■■ 

jtfiKimo  - 

_/  /'’/if 

imviUTfCM  no  wcwi*.  TJ.I  OOT«  ...•■> 

fL.^  Ijoa  AsvowN 
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SURFACE  f 


c 


V* 


SURFACE 


o 


z 


CONTROL  AND  SURFACE  MONUMENT  SCHEDULE 

Ihusno 

STATION 

OFFSET 

KU8  NO. 

STATION 

OFFSET 

LINE  1 

CM-I 

STA.72445 

ITO’D  S' 

LINE  3 

CM>3 

STA.  241 50 

216*  DS 

SM^i 

STA  27«00 

t42*US 

SM-i3 

STA,27400 

no*  OS 

$M.2 

STA  2d«S0 

'124*US 

SM>I4 

STA2e«50 

126*  OS 

SM-J 

STA  30^00 

108'US 

SM-13 

STA.30+00 

136*  OS 

SM>4 

ST*  31 1  SO 

iOI*US 

SU-16 

STA.  31  + 90 

141*  0  S 

SM>5 

STA  33«00 

I09‘US 

SM>I7 

STA.  33+00 

131*  OS 

STA.SSpOO 

ISB'US 

SM>I8 

STA.  33*00 

101*  OS 

CM-2 

ST*. 41133 

333*US 

CM*6 

STA.  40*70 

72*  OS 

LINE  2 

1  CM*S 

STA.2S48S 

233‘OS 

LINE  4 

CM*7 

STA.25t50 

216*  OS 

SM>7 

STA  27+00 

24‘  DS 

SM*  19 

STA.2e*30 

224*0  S 

SM^e 

STA  28  +  30 

32*  OS 

38*  OS 

SM-  20 

STA  30*00 

236*0  S 

$M-9 

STA.50+00 

5M>  21 

STA.3t+S0 

246*0  S 

SM*IO 

STA.  51  4  30 

36*  DS 

CM-8 

STA. 40*10 

AO'  OS 

SM-lt 

SMH2 

CM*4 

STA.554C0 
STA  53+00 
STA  41  +  40 

20*  D8 

2  0*  US 

2  35' US 

note: 


LocetioHt  of  ttiitro!  tne^y/n^tt  endoti$*tt  uptfrpsm  ertd  domnsttpom 
of  thpdom  mn  ht  turfocp  tro^yrnttits  orp  p^prpiimptp.  Spoct  iMPhopt 

IP  bp  dptprmippa  $/i  tbp  fipid. 


•‘BfOts  mt^vmpnt  epp  {90*wn/rmt 
tuffiithpdi  tpt  sn  cencntt 


/  Top  of  Fill 


S*DnUpd  bc/p^ 


> 

*/  ‘"J^^lfObtilnb  metprieKFreenotM/ecebtitl 

.•f 

w— ef  fbet  bptptter/  to  ibtteii  pipe) 

B'Met.  lb  otpfbuedpb  i 

1 

li'kbb  ibte  rock  \ 

,  ' 

'k 

■"fA  cpbcftip 

it  pbcoubtprpd  •  ■' 

_ U 

> 

» Brett  COP  (oortr/mnt  lutbitbeB) 
ft  lb  coberttp 


^Orpfbvrdtb^ 


•nil  I ifK/T-  ' 

^t2'Uib. 


SUP  \CE  REFERENCE  MONUMENT 

NO  SCAIC 


CONTROL  REFERENCE  MONUMENT 

NO  SCAkC 


SURFACE  MONUMENT  GUARD 

NO  SCALC 


LEGEND 

%  Shi  -  Svrlect  rthttret  mebtrmpbt 
•  CM  -  Cobbel  rphrpbop  mobvmpbf 


NOTE 

t  AH  mcrt  SbOmiO  Ob  TM  arom¥>j  will  Of  po/O  Iff  ynjer  txO  item  /joN 


THIS  1>RAWIUG  »VAS  OftlGli,;..  L<  F'VE.rA"^:' 
FOR  USE  AS  A  CONiRACT  DKAA'iNG  A\0 
WAS  RE^POOUCEO  ^OR  l.'iE  i*.  T«'S  »foCR* 


Kt>  P>Tt  I  Cm*NCC 


AfvtSi'M  ‘fso^no  »r  1. 1 


U  &  ARMY  CNCiNCCft  CMSIRiCT  TUlSA 
CORPS  Of  CNCINCCRS 
TULSA.  OKLAHOMA 


\h 


PER  Aive«  wATusNce 


COYtAYOT  AiVCP.OAlAMCliA 


EMBANKMENT  CRITERIA 


FoSawnit 


ICKtCACO  IT 


GILLKAM  LAKE 
EMBANKMENT 

ENGINEERING  MEASUREMENT  DEVICES 

PLAN.SeCTlON  AND  OCTAO^ 


il«iviTAr>0»<  hO  &*CW1*'».| 

A  !«>»  « _ _ 

C«l»  5X1.4  CI15I1.S  rti  iDAAWmC  fiiX4»CA  I 

_ n.tr  NOV  1970  ' _ -l?-7G  CI3r-!3/K 
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MOHR'S  CIRCLE  DIAGRAM 


e  8  10 

NORMAL  STRESS  ,  TSF 

R  strengths 


3  4 

normal  stress,  tsf 

S  STRENGTHS 


Strength  Snre/cfie 


Strength  EnretOOe 


0!  +  (jS 


JOHR'S  CIRCLE  DIAGRAM 

ftEMOLOEO  samples 


MOHRS  CIRCLE  DIAGRAM 

UN0ISTUR3E0  samples 


Oi  *  MofO'  principo*  Si'etS  O*  IOiK;re 
63*Mtnor  principol  luew  ot  loiture 


OliviNi;  if 
■/- 

VkmH  »t; 


CiRlt'.  .  W|:n  su 


US  ARMY  D<C«N£e«  DISTRICT.  Tulsa  ^  „ 

c^y^s  OP  £R0ficCRS  "rf  K\ 

IU.SA.  0Kl*><M* 

I  R£3  R.v£0  «AT£Ri.<0  IISSATO^  nivEA.AWAN'.tl 


gillham  lake 

EMBANKMENT  RECORD  SAMPLES 
'AS  BUILT'  SHEAR  STRENGTHS 
earth  fill 

[i€*u  *5  VOw»i 
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Center 
‘fcNurm  ore 


'7on^mnf/o/  o 


Oerfj^siopk 


"Snrmsl  companen'f' 


-  firea  C  •“00&  of./n. 


Marrraf 

cofnp. 


TWRCrORCrD/I. 


“/treo'S'^AB./.oy.in.  ■ 


fircM  0^4S9f  tny 


^flrea  F‘“.005  of-  /n- 


suimmm  (r.mmMLjFQficEs 


Tonf^nHa/  Compeoen-f- 
curve. 


zsmBsim'i£.i7mENmL  forced.. 


On'g;/)  for 


coord;/>afc  iysfem 


jT^uivi/ent  dam 


I 


I 


.  Roerff/f  3 


Trons  it  ion 


Ro^om  ^  Et/fer  P 

\  f'" 


Ivk!  I  .  .  \ 

[S  7.7, 


-RocKf.-t,  B  ja 


STftBlLITY  flNRLYSIS  OE  UPSTREPfi  SLOP£S 

ccNomoN  OF  sm  or  cot^struchon 


.RRER  t 


SAFETY  / 


Radiutt 


(feet)  X  (f. 
2,0.8  -JSJ. 


St6.2  -2SS 
433.7  -32/. 


2Q7.S  ~2IC 


44Z.S  -23Z 


/bS.Z  |-/3i 
4BZ.D  -3,1 


233.3  1-2<‘I 


394., 


NOTE-.  The  at 
at/  arc 
ennd/f/c 


are  re 
~ft7c  a 


Ccnhzr 


TnngmnfJa/  ccmp-^ 


Tmnmr  TOHCEr-D/BORm- 


tO. 

Jf-  tn. 

T  S$.*n. 
Jo  Titm 


■?/?£/?  5C/iLEi 


ADOPTED  DESIGN  DATA 

So/!  wts.  lbs  /Ft*  \ 

ShcAr  sfrmrjgd/tS  | 

Jofursf^d 

Sub/n^rjfd 

Q 

R 

s 

HOCKF/LL  fl 

105** 

130 

67.6 

(/> 

4-Z 

4Z 

c 

O 

O 

a 

miKF/IL  B 

I3S 

7Z.6 

<f> 

36 

■36 

36 

c 

o- 

O 

O 

TFflUSmON 

IZS 

6Z.5 

4> 

33 

■33 

33 

c 

O 

a 

O 

FUTER  fl 

/Z5 

6Z.5 

33 

33 

33 

c 

O 

O 

O 

mUXH  DLL 

IZ5 

6Z.S 

0 

SL 

2Z. 

za 

c 

O.s 

AZ 

o 

MPERSNOUS 

IZS 

6Z.5 

0 

s 

2Z 

ZB 

c 

AS 

az 

Q 

itd’  of  /nfernmi  •fHc'tion 

S  dnf  (•fO%  Yoeds^ 

C*  Oo/yo9*ori  (7o^s/ff^') 

Forces  ac^/nij  on  -falJure  ijrc 

Positive  "ten^tritiel  ■fo'ce  - flnta  n  ^ASbSTbns 
ETata!  •  44ES  Tons 


h/xr>e/7j‘' 


f  'n  foi 

'ina'fe  sys/e/n 


fcc-r/vy/  a 


"Tr^f^sitton 
•'r/fTcr  /9 


SAFETY  FACTOR  SUMMURY 

Radius 

(feet) 

CoarcOnartes 

(Cen-fer  of 

'Safeti 

faefor 

YCft!) 

zto.e 

'JSllO 

4ZC 

1.753 

3Z6.Z 

-Z33.3 

/6!.0 

t.SBZ 

463.7 

-32!.  O' 

324.0 

!.564- 

£07.3 

-Z!0.0 

4ZO 

!574- 

44Z.S 

-2330 

28!.0 

!.S60 

/6S.Z 

-!S3S 

20.0 

1.854 

F3Z.O 

-3!B.O 

•323.0 

fSSS 

233.3 

-244.3 

146.3 

/.663 

394.! 

-303.0 

Z2&3 

J.627 

166.3 

-/70.0 

22.0 

1.73/ 

/^T£'  77)c  inc.fudc:»  ntsolt3  of 

O^’cs  ^/?a/fzcd  fiy  coc/  of  consh^*fcf/on 
condtf/cn.  Coordinafes,  fo*‘ 
arc  referenced  frsyn  ^  one/  cre^f  of 
"f/7c  c/orne 


Nor/rmi.  and  rmsisf/nt 

Norma!  fome  Area  B 
NorjDil  force  Area  C 
Norma!  force  Area  D 
Nonna!  force  Area  £ 
Norma!  force  Area  F 


^aOS  "^ors 
‘  4-4^0  Tons 
•Z3ao  Tins 
•  FS  Tons 
'  D.ZS  Tens 


Cohesion NZ-O  xoS 


‘ESO  Tons 


3a f eft!  factor  cornpotafions 

pormu/a  :  SF.  •  ENKtan  «>  y  ZC 
£T 


For  tmconsoHdated-frndrarncd  (Q)  Corvdifion 

a.F.  '  805Z5'h,F3(f-t-faSronSi'-'FZ0taniS*-tS6.0 
.jf-46.S 

S.F.  t  /.SS. 


ADOFTED  DE5I6N  DflTft 


■sotL-¥frs.\iB5/rr^  I  sfiem  STfiSNSTH  ■ 


s/mmm}\ 

mttntarnwmmr-a 

KflWKA\)<L 

■Roa(Fia.n 

kSB 

67.6 

TtOCFFUL  3 

t35 

7Za€ 

1 

ymsafTtoN 

-JZET 

6Z.S 

FILTER  A 

1Z5. 

62.5' 

RmmFJLL 

IZ5 

62.S 

mPEpmis 

/zs 

6Z:5 

Area  D  ~  0.07 in  • 
Area  C-  OOZs^-in.- 


K^-  Ansi9  of  internal  friction  (Oegret^ 
XS-'.'Saiiiraiett  surf/ce  dr>^  u>a!^t  (40%  Void^ 
.  t;  -r'V^Jiesion  (Tonsfffd^ 


'Area  E-  &l4a^.in.. 


5UMMA7 


's  rtcTiNG  OH  ntiLunE  nrtc.. 

dSatiimr  iangtniia/  fz  'ce-Araa  /f  » .ffZZ  Tom 
/te^atiie  ttm^entiat  fortx~Jtrea  O  '"/C  Tons 
EToiat  •.SOB  Tons 


'Area  A  -  10.4-4  »} 


TfOftMAL  mo  /PSS/ST/MS  EOffCES 

Format  force  -  Area  C  *  /  Ton. 

ttormai  ferae  -Area  D  •  SS  Tenet 

Norma/  forces  Area  S  ’407  Tons 

Norma!  farce- Area  E  •  BO  Tons 

NoeraaJ  fareerArea  Q  •BtZ.S  Tons 

Foemit  farce- Area  ft  *  Z.A  Tons 

CotmS/oniLC)’ /4er.a.S  •  74-  Tons 

ateETY  FAcroA-eompirmnoNs  .. 

Fonhijltn-SiEji.-^^yf' 

rrr—- 

Ec^janconso/icirtei/rjurKira/nedXQ)  caadit-ion . 

fU3.r;-f>,n  47-*  B3.Stani33'J>:4Q7-ranS^r2^-fsn3C.'  ^.TT-fc 

s.soer- 


WmATIOt 


S.A/.EAr75~  ■—  . 


Tanjentiat 
CoTjpon^'t'  • 


^C^ntcr  of 
fai/vr^ 


Ecjuivaieni-  da.'o.- 


On'gin  for  /  \ 

Coordinate  sfsfem  y ' 


SAFETy- EACTOR  SUMMARY 
Radius 
{Ftx£L 


./a/.o 


Z33sr 


ZIO.B 
32B.Z 
.M3i7 
TTnr.sr  zto:o 

.44S.S  2S3.0 


XdFfH  X.fCFtii 


47.0 


Safety 

Factor 


d/BS-z  I  jsa.s 

I  .■f3Zd>  I  aie.o 


/B/.O 


■jszfija.  32A.O  \  dieos 


ZtOiO  I  AZO  2J)SB 


zet.o  r.734- 


zo.n 


£3SJ3 
.334.  J 
^JOA-S 


Z44.S 


SOS-O  I  trn-< 


323.0  I  /J3B 


J4t.S  1.374- 


liBOit- 


:zz.o  \Mai3 


-  Etfuiyaitnf  dam 


-Normal 

campensnt 


Aoexfiti  Aj 
Transifion-f-  i 


■  Older  slope 


Randoml 


Jmptrviotjs 


TYPICAL  FORCE  P/AGRAm 


NOTE'. 

TfreccaboMK: -fable  IncMts  results-’ of  aE  arcs--- 
oaahfxeB.  far  ttim  end  of  consrructian  jiondi-f/en. 
Caiirdfhjora.i  ,fx~aci.  EditefsTiarEEcSfictacedJfreeE.' 


^  'v  I  v^ 

Rdndorn 


Filter  C 
STABILITY  At 
CONDi 
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/}po/=>rrD  D£3iGh!  muss 


'.  sw/t/r  srfrtMr/ts 
MAT£/?IAL5  \Str6»erfr^\  *  |  4>  j  /?  !  s 


Ro'kfd'A-  /so  er.e  ' 

Rpckf/H  B  '35 

Transiiion 
r//£er  /9 

Ba/zcfo/nffn  /25 

fmpermus  '25  /52.5  |"  |  ?g|'7 

•  Az/ffM  of //>£er/?a/  /f-/cd/o/7  f</syro£jJ 
* Sait/nsied Surface  Orfy/eight  /'O0%l'o//f() 

C  ^  Oofietton  fremf/^f*) _ 

/^&f/3ES  f/Sr/A/S  Off  r/f/Lt/r£  A f?£ 

f^/d/ee  ia/>oe/7tlja/  fo/ee  ~A}/‘ea  P*  543.S  fo/)s 
fJe^i/i/e  za/iffeniia/  feree  fi/Tto -^.  O  /oaf 

£7-07"/=  465.  5  /oas 


mms  flW  REf/S, 

Norma/ force  "/va  5 
Normof  force  Area  P 
f/ormt/  force  firee  £"  ■ 
Norma!  force  flrea  F 
Norma/  force  AreaG 
Nor/aaf  force  Free  ff 


/.O  ■  '/7J 

3.4  '/cf/ff 
265-0  7o/7f 
75:5  Tons 
536. 0  Tbas 
2 . 0  Tor/s 


s/jF/rry  Ffisra/i  co/w.^utat/oa/s 


/7PBm7ZAr:'s.F. 

cT 

-  Far  oarso/idoied-Uro/nee/ (S)  fondiitoo 


/sa/Af. 

SOXPAfS 

^/F£/?  sms 


Anra.d’.OZSe./A/) 


-  5S7  Csodf*/  70Afo35'/e6S.0lon?fi,*r2.0/a/}35' 
/65.5 

5F=A£0 

For  Consol fdofed-  undrained  (R)  condiHon 

5.F.  »  537  fandZ'-r  7ai‘an33y265.0ton22*^Ztan3C.'TZ3S 

SF.^  I.43S  ~Ra55 

F/erajm  Fend  5  •  /5P 

F/ood  Control  / 


5r/o/n  /hr 

Ckxudina/r  (plem~ 


El.  569.0 


5.3  54.'' 


'■Ahco  E- 


W  / 

s  ( 

^  ^/frotj5r//.3Z5P./M' 


4/ 


■firco  Om 

.06  SOM 


su/d/mr/pA/  s/^A/p/&</ML 


'T^ryenOa/  demponeni  i 


Area  A  *  '033 SO/A/.  ■ 


suMMST/D/d  or  m'SENmi 


■  Efun/a/en£  da/n 


RockO"  l§f 


I^Fbndami  '%■. 

/J  Fdf  7  ^ 


l/mperooof 


f/Ondoin  W 

I  . 


I  f/^OC^M'  J 

1/  A  IFirrd/e 
/  Jurfaee- 

Tronsl/iort 


TA&UTV  fimLYStS  of POWNSTRFf^U  'Up. 
S5fJD/T/5A/  OF  STFfipy  S£EPa7,F 
scALC  /"•eo' 
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nreo  B~  /.7Z  • 


SUMMATION  OF  TfiNGENTML  FORCES 


f^/ood  cootro/  poo/  B/~  SSB  O 
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